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INTRODUCTION 
Perennial forages are characterized by slow emergence and growth 
during the seedling stage. As a result they generally compete poorly 
against weeds and produce relatively low yields during the year of 
establishment. A common practice is to plant these forages with a small 
grain companion crop to compensate for low seedling production as well 
as to reduce soil erosion and weed competition. The companion crop is 
normally harvested for grain although it may be removed earlier by graz­
ing or by harvesting for hay or silage. 
The companion crop emerges and develops faster than associated 
forage seedlings. Consequently, the companion crop has both taller 
vegetative growth and a deeper rooting system. This crop, thus, must be 
considered a source of competition to undersown forages for moisture, 
radiant energy, and nutrients. The use of sound agronomic practices, 
including application of adequate commercial fertilizer, would reduce 
competition between forage seedlings and the companion crop for nutrients. 
Under these conditions the major source of competition would be for solar 
radiation and moisture. 
As suggested by Santhirasegaram and Black (1965) companion crops of 
short stature with short, erect leaf blades would theoretically allow 
greater penetration of radiant energy to undersown forage seedlings and 
result in production of more vigorous plants. Although such companion 
crops would reduce competition for solar radiation, they would still 
deplete large amounts of soil moisture. 
An alternative approach is to develop more rapidly growing forage 
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seedlings and control weeds with selective herbicides. The use of the 
companion crop would be eliminated. Growth of such seedlings would be 
enhanced by a greater supply of soil moisture and solar radiation. 
Harvesting two or three times during the seeding year may produce enough 
additional forage to compensate for the economic value of the companion 
crop. 
Competition for radiation to sown forages might be minimized by 
seeding in late summer after a fast-developing, cash crop has been har­
vested. At such a planting date, competition from weeds would be slight. 
The research reported in this dissertation compares several alter­
natives for establishment of perennial forages. The species selected 
were birdsfoot trefoil (Lotus corniculatus L.), alfalfa (Medicago 
sat i va L.), crownvetch (Coron ilia varia L.), smooth bromegrass (Bromus 
inermis Leyss), orchardgrass (Dactyl is glomerate L.), and reed canarygrass 
(Phalaris arundinacea L.). With the exception of crownvetch, these forage 
species are commonly grown in Iowa. in the past crownvetch has been 
grown mostly as a soil-conserving crop with only small acreage devoted 
to agricultural production. Recently it has received some attention as 
potentially a new forage crop. 
The objectives of this investigation were as follows: 
1. To evaluate the effect of weed control on establishment of 
forages. 
2. To evaluate the merits of two oat genotypes with contrasting 
canopies as companion crops. 
3. To evaluate summer versus spring Sowing of forages. 
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4. To determine the effect of method of establishment on subsequent 
forage yields, densities, root weights, and carbohydrate levels. 
/ 
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LITERATURE REVIEW 
Interspecies Competition 
Forages are characterized by poor seedling vigor although differ­
ences exist among species. Blaser et al. {1956) rated alfalfa as very 
aggressive, orchardgrass and smooth bromegrass as aggressive and birds-
foot trefoil and reed canarygrass as nonaggressive. 
Forages are generally established with an oat companion crop in the 
North-Central Region of the United States. The companion crop is grown 
to compensate for the low seedling yields of forages, to reduce soil 
erosion, and to deter weed growth. However, the companion crop grows 
faster and has a deeper root system than the associated forage seedlings. 
Thus, this crop is a major source of competition. 
Compan ion crop 
Several methods have been adopted to reduce competition from the 
companion crop. in Wisconsin, Smith et al. (1954) varied the seeding 
rate of oats between 44 and 26l liters/ha (0.5 and 3.0 bu/acre) on both 
heavy and sandy soils. The establishment of the undersown legumes was 
not improved by lighter seeding rates on heavy soil because of weed 
Ingress Ion. However, on sandy soils lower sowing rates resulted in 
improved establishment. Greater soil moisture stress on the sandy soils 
was suggested as the reason for the difference In response. Bula, Smith, 
and Miller (1954) reported lower seeding rates allowed greater penetration 
of solar energy through an oats canopy during early growth stages. However, 
greater weed ingress ion in these plots caused the difference to disappear 
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by early July when the oats were in full head. The combined canopy of 
oats and weeds became similar in all treatments. 
A method closely related to reducing seeding rates of companion 
crops is increasing the distance between rows of the companion crop. 
This procedure may aid forage establishment during dry years but normally 
shows little benefit when moisture is adequate (Harper, 1946; and Pendleton 
and Dungan, 1953). In Canada, Tossell and Fulkerson (I960) reported 
smooth bromegrass was less sensitive than alfalfa and orchardgrass to 
the effects of various seeding rates and row spacings of the companion 
crop when number of plants established was used as a criterion. 
Removal of the companion crop prior to maturity by grazing or by 
harvesting for hay or silage has been suggested as a means of enhancing 
establishment of forages. Klebesadel and Smith (I96O) found removal of 
oats prior to maturity increased available soil moisture and light flux 
density at the 10-cm (4-inch) height. This technique resulted in better 
alfalfa stands, although little difference existed in yields the following 
spring. 
Santhirasegaram and Black ( I 9 6 5 )  suggested that the drastic alter­
ation in the environment of forages when the companion is removed may 
effect subsequent growth. Leaving a stubble would reduce the abruptness 
of this change. During conditions of moisture stress, complete removal 
of the grain stubble was reported harmful to legumes, although the 
practice was generally beneficial when moisture was abundant in Wisconsin 
(Klebesadel and Smith, 1958). 
Several researchers have evaluated various small grain species as 
companion crops. Klebesadel and Smith (1959) compared fall-sown winter 
6  
rye and winter wheat, and spring-sown barley, oats, and flax. The fall-
sown species began interception of solar energy about a month earlier 
than the spring-sown species. Flax was the last of the species to begin 
interception of solar energy. All species eventually reduced the radiation 
intensity below their canopies to similar levels. The most rapid decline 
in radiation penetration occurred from late May to mid-June when the 
companion crop was sown in mid-April. Fall-sown species were the most 
competitive for soil moisture while flax was the least competitive. 
Legumes sown under flax were the most vigorous and legumes sown under 
winter rye and winter wheat were the least vigorous. Flanagan and Washko 
(1950) found significant differences in radiation intensities under 
canopies of six oat and one barley varieties used as companion crops. 
Kilcher and Heinrichs (I96O) observed little difference in performance of 
a crested wheatgrass, bromegrass, and alfalfa mixture when wheat, oats, 
barley, and rye ware used as companion crops under arid conditions. 
Solar energy exclusion has been associated with increased number of 
grain stems and taller plants. Col lister and Kramer (1952) reported a 
negative correlation between height of seven oat varieties and yield of 
undersown red clover, 
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Cooper and Ferguson (1964) injected P at various soil depths to 
determine the effect of a barley companion on the vertical root develop­
ment of birdsfoot trefoil, alfalfa, and orchardgrass, The companion crop 
reduced the root development of all three species with birdsfoot trefoil 
being the most adversely affected. 
The results of studies with companion crops have shown these crops 
can be both beneficial and detrimental to establishment of forages. The 
benefit realized by reduction of weed growth is often lost because of 
shading and moisture utilization. Peters (1961) concluded that an oat 
companion may frequently be more competitive to undersown legumes than 
weed growth in the absence of oats. Use of selective herbicides Is 
potentially an alternative method for establishing alfalfa and birdsfoot 
trefoil (Dowler and Willard, I960; Peters, 1964; and Wakefield and 
SkJand, 1965). 
Selective control 
Schol1 and Staniforth (1957) working with the establishment of 
birdsfoot trefoil in Iowa, reported lowest yields when established with 
a companion crop. Hand-weeded plots produced approximately twice as much 
forage during the seeding year as plots established with a postemergence 
application of Dalapon. However, the following year these two treatments 
produced similar yields. ScholI and Brunk (1962) could not find signifi­
cant differences in stands of birdsfoot trefoil during the fall of the 
seeding year when established with treatments of hand weeding, companion 
crop managed in several ways, and selective herbicides. However, signifi 
cant differences existed in plant size at that time as well as in yields 
during the following year. Highest yields came from hand-weeded plots 
wh le lowest yields were from plots established with an oat companion 
crop regardless of how it was managed. Use of selective herbicides was 
more effective than clipping in early July or in early August for control 
1 iag weed competition in Wisconsin (Mazzoni and ScholI, 1964). Birdsfoot 
trefoil was more sensitive to the clipping treatments than alfalfa. 
In addition to subsequent forage yields being affected by control 
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of associated weeds, root-crown weights of alfalfa and birdsfobt trefoil 
have been shown to be enhanced at the end of the seeding year by a weed-
free environment (Wakefield and Skaland, 1965). 
In order for establishment of forages without a companion crop to 
be economically feasible, forages sown in this manner must out yield 
forages sown with a companion by such a margin to financially compensate 
for the companion crop. In Wisconsin, Kust (1968) concluded greater total 
dry matter production can be realized when alfalfa is established with an 
oat companion and both harvested as forage than when alfalfa is estab­
lished with herbicides. 
Forage grasses 
Little work has been reported on establishment of perennial forage 
grasses. In Scotland, Meddle and Herriott (1955) reported that orchard-
grass and ryegrass tillered less during the seeding year when sown with 
a companion crop. Hertz (1962) found that in Wisconsin tiller production 
was higher in smooth bromegrass seedlings when plots were kept free of weeds 
than when a companion crop was used or when weed growth was controlled 
by clipping. Hoen and Oram (196?) observed wheat was a more suitable 
companion crop than oats for establishing reed canarygrass and orchard-
grass in a Mediterranean-type environment. This climate is characterized 
by 3 or 4 months of hot, dry conditions after the time the companion crop 
is removed. 
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Effect of Radiant Flux Density 
Yield 
Much literature has been devoted to the effect of reduced radiant 
flux density on growth and development of plants. Shirley (1929) reported 
some tree species could survive radiation intensities as low as 40 ft-c. 
Dry weight production was linearly related to radiation intensity until 
approximately 20% of incident solar energy. Photosynthesis of alfalfa 
has been reported to respond linearly to increased intensities up to 52% 
of incident solar energy (Thomas and Hill, 1937). 
Bohning and Burnside (1956) determined single-leaf illumination 
saturation curves of net photosynthesis for eight sun-tolerant and five 
shade species. Saturation occurred at 2000 to 2500 ft-c in the sun-
tolerant species and 1000 ft-c in the shade-tolerant species. Compen­
sation points were 100 to 150 ft-c and 50 ft-c, respectively. Alexander 
and McCloud (1962) reported maximum photosynthesis of isolated bermuda-
grass leaves occurred between 2500 and 3000 ft-c. Bermudagrass swards 
required much higher intensities to reach saturation. 
it is apparent that intensities satisfactory for isolated leaves will 
limit dry matter production in a sward because of selfshading. The data 
reported indicates most species require high radiation intensities for 
maximum production. However, radiant energy under a small grain canopy 
is often reduced to 10% of incident solar energy or less (Klebesadel and 
Smith, 1959; and McKee, 1962). Thus, lack of adequate radiant energy 
under the companion crop is a factor in reducing vigor of undersown forages. 
Burton, Jackson, and Knox (1959) concluded radiation intensity 
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reductions of less than 33% of incident radiation have little effect on 
yields or chemical composition of bermudagrass. McKee (1962) suggested 
alfalfa seedlings require intensities of at least 25% and birdsfoot tre­
foil seedlings 50% of incident solar radiation for adequate growth and 
stand establishment. Dibbern (194?) reported that with a reduction to 
14% of incident radiation less than half of smooth bromegrass clones 
could survive for 1 year and none could survive a reduction to 5%. 
Cooper (1966) grew birdsfoot trefoil and alfalfa under full incident 
solar radiation and various degrees of shade. He reported the relative 
growth rate of birdsfoot trefoil was greater than that for alfalfa under 
all radiation intensities. This was attributed to the larger leaf area 
to plant weight ratio of birdsfoot trefoil. Shading reduced alfalfa 
yields proportionately more than birdsfoot trefoil yields. 
Root to shoot rat io 
Generally, shading has shown a greater effect on root than top 
growth (Gist and Mott, 1958; Bula, Rhykerd, and Langston, 1959; McKee, 
1962; Pendleton and Weibel, 1965; and Cooper I967). An exception was 
reported by Matches, Mott, and Bula (1962). They found little effect of 
reduced radiation intensity on root to shoot ratios of alfalfa plants 
grown in 7.6-liter (2-gal) pots. The authors suggested the containers 
may have restricted root development and altered expected results. 
Proportionately greater reduction in growth of the root system com­
pared to top growth by shading would be expected to lower drouth tolerance 
of forages (Gist and Mott, 1958). This response can be a very important 
factor in survival of young forage plants when moisture is limiting. 
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Til 1er product ion 
Tillering is an effective means for perennial forage plants to com­
pensate for poor stands, particularly in rhizomatous species. Mittra and 
Wright (1966) studied the intraplant relationship between vegetative 
shoots of reed canarygrass and their tillers. A new tiller was found to 
produce adventitious roots soon after the tiller was formed. Their data 
suggested new tillers soon became independent from the parent shoot and 
that flow of photosynthate between the two plant parts was minimal. 
An inverse relationship existed between plant density and tiller 
production in alfalfa (Cowett and Sprague, 1963; and Marten, Wedin, and 
Hueg, 1963). Reduced radiation intensities have resulted in decreased 
production of tillers and rhizomes in smooth bromegrass and orchardgrass 
(Watkins, 1940; Pritchett and Nelson, 1951; and Auda, Blaser, and Brown, 
1966) .  
Leaf area to stem weiqht ratio 
Rhykerd, Langston, and Mott (1959) reported shading resulted in an 
increased leaf area to stem weight ratio with alfalfa and red clover, and 
a slight decrease in the ratio with birdsfoot trefoil. The authors sug­
gested that the differential response of birdsfoot trefoil compared to 
alfalfa and red clover may be a factor in explaining poor establishment 
of birdsfoot trefoil with a companion crop. 
Leaf morphology 
Cooper and Quails ( I967)  have indicated some morphological changes 
that can occur in leaves of shaded legumes. Shaded leaves tended to be 
thinner with less palisade and mesophyl1 cells but contained more 
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chlorophyll per unit of leaf weight. 
Carbohydrate level and nodulat ion 
Shading has resulted in a reduction in carbohydrate levels of plants 
(Watkins, 1940; and Auda et al. 1966). Matches, Mott and Bula (1963), 
however, were unable to demonstrate a significant effect of shading on 
carbohydrate levels in roots of alfalfa seedlings. 
Reduced radiation intensities resulted in decreased nodulation of 
legumes, with birdsfoot trefoil being the most sensitive (Moore, 1958; 
McKee, 1962; and Cooper, 1966). Reduction in nodulation as a result of 
shading could result from less carbohydrate availability to furnish the 
required energy. 
Root Weights of Forages 
Only limited literature is aval labile pertaining to root development 
of forages under natural conditions. Generally, the major portion of 
perennial grass roots have been shown to be contained in the upper several 
centimeters of soil. Sprague (1933) reported almost all of Kentucky 
bluegrass and colonial bent grass roots were located in the top 23 cm 
(9 inches) of soil. Root weights taken April through June under 5-year-
old-sods showed that maximum weights occurred in May. Gist and Smith 
(1948) harvested roots of several forage grasses in 8-cm (3-inch) segments 
to a total depth of 46 cm (18 inches). Weights of roots decreased rapidly 
with depth. The majority of the roots were in the surface 8 cm. Smooth 
bromegrass had a greater root system developed below the 15-cm (6-inch) 
level than did Kentucky bluegrass or timothy. 
In Rhode Island, Stuckey (1941) examined seedlings of 12 perennial 
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grass species including orchardgrass. Seminal roots were found to be 
replaced by adventitious roots beginning at the time plants were 6 to 
8 weeks old. New roots developed continually into December. Formation 
of new roots and development of old roots was again evident by March of 
the next spring with the activity reaching a peak in early April. By May 
existing roots continued to grow but there was little formation of new 
roots. Minimal activity was noted during the summer but activity was 
resumed by mid-October. Deterioration of roots produced the previous 
summer began in June. Some species regenerated their entire root system 
annually with new root production beginning in the fall. However, Stuckey 
concluded that orchardgrass had a perennial root system with very little 
annual replacement. Conversely, Garwood (1967) found no evidence that 
orchardgrass roots had less annual replacement than other species in his 
experiment conducted in Britain. Garwood also observed considerable root 
growth from existing roots during the summer in the upper 46 cm of soil 
in contrast to Stuckey's results. Differences in soil temperature and 
moisture between the two locations may explain the apparent discrepancy. 
It is apparent the root weight of a grassland sward represents a 
balance between formation and growth of new roots, and deterioration and 
decay of old roots. With young, developing plants the processes of 
deterioration and decay should be at a minimum so that root weights 
represent mostly active roots (Baker, 1957)• 
In Britain, Baker and Garwood (1959) reported that two different 
cutting frequencies had little effect on root weights per unit of land 
area in established ryegrass-white clover and in orchardgrass leys. On 
a newly sown sward of perennial ryegrass. Baker (1957) found frequently 
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cut leys had lighter root weights than leys not cut. This effect lasted 
only for a few weeks after cutting. Frequent cutting increased tillering 
and, thus, the root weight per tiller was decreased. The frequently cut 
plots produced less forage the year following establishment. Sullivan 
and Sprague (1953) reported that orchardgrass receiving nitrogen at the 
time of cutting had lower root weights than unfertilized orchardgrass. 
Both treatments followed a 35-day recovery period from cutting. 
Nelson and Smith (1968a) observed that dry weights of the upper 15 cm 
(6 inches) of alfalfa roots increased during the second production year 
in contrast to birdsfoot trefoil root weights of the same age. Alfalfa 
roots showed cyclic changes in weight associated with changes in carbo­
hydrate levels resulting from imposed cutting treatments. Cyclic changes 
were not apparent for birdsfoot trefoil. Root weights of established 
alfalfa plants have been shown to decrease from May until July and then 
increase to a maximum by December in Britain (Baker and Garwood, 1959). 
Carbohydrate Reserves 
Reqrowth and t i1lerinq 
Carbohydrate reserves are considered the most readily available plant 
material for reserve energy when needed (May, I96O; and Weinmann, I96I). 
Carbohydrate reserve levels normally decrease during periods of new tiller 
formation and regrowth, and increase as plants mature in both grass and 
legume species (Reynolds and Smith, 1962). 
Alfalfa (Cooper and Watson, 1968; and Nelson and Smith, 1968b) and 
crownvetch (Langille and McKee, I968) have been shown to follow the typical 
pattern of carbohydrate utilization during periods of regrowth followed 
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by periods of accumulation. Birdsfoot trefoil has shown a much less 
pronounced response (Nelson and Smith, 1968b; and Greub, 1968). Wolf 
(1967a) demonstrated that a greater amount of carbon was translocated 
from leaves to roots by alfalfa in the bud stage than when in a younger 
vegetative stage. This indicates a greater net accumulation process by 
alfalfa in the former stage. 
Perennial forage grasses adapted to temperate regions typically 
show a pattern of carbohydrate accumulation soon after growth initiation 
in the spring. This is followed by a decline during the jointing stage 
with accumulation again at completion of internode elongation. In some 
cases, another utilization and accumulation cycle as the floral structures 
are developed has been reported (Waite, 1957; East in, Teel, and Langston, 
1964; Okajima and Smith, 1964; Colby et al., 1965; and Wolf, 1967b). 
Perennial forage grasses normally show a sharp reduction in carbohydrate 
level following the initial harvest of the year (Raese and Decker, I966). 
Several researchers have attempted to assess the influence of 
various levels of carbohydrate reserves on regrowth rate and tillering. 
In most work of this type, carbohydrate levels are confounded with direct 
effects of such factors as prolonged darkness and high temperatures so 
that interpretations are difficult. Ward and Blaser (I96I) varied carbo­
hydrate levels of orchardgrass tillers by placing them in darkness for 
various periods. Tillers with high carbohydrate levels produced more dry 
matter during a subsequent regrowth period than tillers with lower levels 
of carbohydrates. Davies (1965) subjected perennial ryegrass plants to 
darkness and various temperatures as pretreatments for obtaining different 
carbohydrate levels. He found that the pretreatments positively affected 
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regrowth and tillering, and concluded the effects were associated with 
the level of carbohydrates at the time of cutting. Davidson and 
Melthorpe (1965) also reported rate of regrowth of orchardgrass was 
related to level of carbohydrates at the time of defoliation. They sug­
gested that proteins and other labile fractions made sizeable contri­
butions to the energy required for growth and respiration. 
Fractions present 
Carbohydrate reserves are located predominantly in roots of legumes, 
with starch as the main storage form and reducing sugars of only minor 
importance. Large amounts of sucrose may be present from late fall 
until early spring and at times of moisture stress (Nelson and Smith, 
1968b). Perennial forage grasses accumulate carbohydrate reserves mainly 
in stem and leaf bases, and In rhizomes when present (Sprague and Sullivan, 
I95O; and Weinmann, 1961). The main storage form in species native to 
temperate latitudes is fructosans (Sullivan and Sprague, 1953; Waite and 
Boyd, 1953; and Wolf, 1967b). 
Smith and Grotelueschen (1966) have demonstrated that mature orchard-
grass contained a series of fructosans of increasing chain length. Reed 
canarygrass of the same age contained fructosans predominantly of long-
chain lengths. Smith (I967) reported chain length of fructosans in 
timothy varied with growth stage and plant part. Predominantly long-chain 
fructosans were present in stem bases of mature plants while only short-
chain fructosans were found during periods of active vegetative growth 
when carbohydrate levels were low. Conversely, comparable samples of 
smooth bromegrass contained only fructosans of short chain-lengths. The 
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maximum degree of polymerization in timothy was estimated at 260 compared 
with 26 for smooth bromegrass (Grotelueschen and Smith, I968). Wolf (1967b) 
reported that the average molecular weights from samples taken in late 
winter were 1420 for smooth bromegrass, 256O for orchardgrass, and 2750 
for reed canarygrass. 
Effect of env Î ronment 
Many workers have demonstrated that carbohydrate levels are influenced 
by climatic and nutritive factors. Application of nitrogen normally 
increases growth rates and reduces carbohydrate levels (Sullivan and 
Sprague, 1953; Alberda, 1965; Brown and Blaser, 1965; and Colby, et al., 
1965). Conversely, increased amounts of potassium have resulted in higher 
levels of carbohydrates in alfalfa seedlings (Matches, et al., 1963; and 
Re id, Lathwell, and Wright, 1965). There appears to be a balance required 
between potassium and nitrogen for accumulation of carbohydrates and ' 
normal nitrogen metabolism and protein synthesis (Griffith, Teel, and 
Parker, 1964; and MacLeod, 1965). Wardlaw (I968) stated carbohydrate accumu 
lation by nitrogen-deficient plants indicates that the growth processes of 
cell division and cell expansion are more affected than photosynthesis or 
translocation of photosynthate out of leaves. Potassium deficiency has a 
greater effect on translocation and photosynthesis than on growth. 
Moisture stress and low temperature have been associated with reduced 
growth rates and carbohydrate accumulation suggesting a greater effect of 
these two environmental factors on utilization of accumulates during 
growth processes than on the photosynthetic process (Alberda, 1965; Auda, 
et al., 1966; Blaser, Brown, and Bryant, 1966; Deinum, 1966; and Wardlaw, 
1968). Reduced light flux densities have resulted in lower carbohydrate 
levels associated with reductions in photosynthetic rates (Alberda, 1965; 
Auda, et al., 1966; and Deinum, 1966). Apparently, an inverse relationship 
exists between growth rates and carbohydrate accumulation. Environmental 
factors that reduce growth rates relative to photosynthetic rates result 
in carbohydrate accumulation. 
As Brouwer (1962) has stated, within the plant there must be a 
dependency of organs not capable of photosynthesis upon organs that are. 
Secondly, deficiency of water and essential minerals for growth can 
restrict growth processes in any organ where limiting. Carbohydrates are 
produced in the shoot but cannot be utilized for growth unless water and 
essential minerals are supplied by roots. Thus, there exists a dependency 
of shoots and roots upon each other for utilization of carbohydrates. 
The level of carbohydrates is influenced in part by the relative 
photosynthetic activity of the shoot and absorbing activity of the root 
system. Any factor affecting the relative activity of either the shoot 
or root systems should influence carbohydrate levels of plants. 
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MATERIALS AND METHODS 
Field Experiment 
The experimental site for this investigation was the Agronomy-
Agricultural Engineering Research Center, Boone County, Iowa. Two similar 
experiments were conducted, each lasting two summers. Exp. I was seeded 
in 1966 on an integrated Clarion-Nicollet loam and first production year 
yields were obtained in the growing season of 1967- Exp. II was established 
on a Webster silty-clay loam in 1967 and terminated at the end of the 1968 
growing season. Both areas were uniform with good drainage. 
The sites were fall-plowed and fertilized prior to seeding. Exp. I 
received 22, 39,and 74 and Exp. LI, 37, 39, and 224 kg/ha of N, P, and K, 
respectively (kg/ha =1.12 lb/acre). Lime was applied to the second site 
at the rate of 6720 kg/ha (3 tons/acre). The areas were disked and 
harrowed to incorporate the fertilizer and lime. Additional fertilizer 
was applied later to each experiment. In the spring of 1967, Exp. I 
received a uniform application of 34, 35, and 67 kg/ha of N, P, and K. 
An additional 67 kg/ha of N was applied to the grass species after the 
second harvest. The grass species of Exp. II received 34 kg/ha of N on 
July 28, 1967 after the first harvest. An additional 67 and 202 kg/ha of 
P and K were applied uniformly to Exp. II in the fall of I967. Nitrogen 
was applied to grass species at the rate of 67 kg/ha during the year fol­
lowing establishment in early spring and again after first and second 
harvests. 
At the time Exp. I was terminated in the fall of 1967, soil samples 
of the surface 15 cm (6 inches) were taken from birdsfoot trefoil and 
2 0  
crownvetch plots in both experiments'. These samples were analyzed by the 
Iowa State Soil Testing Laboratory, Ames, Iowa. Exp. I was found to be 
low in N, P, and K (47, 22, and 91 available kg/ha) with a pH of 6.4. 
Exp. II was low in N and medium in P and K (47, 37, and 1$8 available 
kg/ha) with a pH of 6.7. 
Seeding was accomplished with a Planet, Jr. seeder except for companion 
oats of Exp. II. These oats were planted by hand. Seeding rates in Exp. I 
were 9, 15, 37, 9, 12, and 25 kg/ha of 'Empire' birdsfoot trefoil, 'Vernal' 
alfalfa, 'Emerald' crownvetch, 'Sterling' orchardgrass, 'Lincoln' smooth 
bromegrass, and common reed canarygrass, respectively. Companion oats 
were seeded at 36 kg/ha and oats seeded alone ('Cherokee' and 'Bonkee' 
varieties) were planted at 134 kg/ha. Seeding rates in Exp. II were 
similar except crownvetch was seeded at 16 and companion oats at 45 kg/ha. 
All forage seed lots were certified except for reed canarygrass. The 
legumes were inoculated with the proper inoculum prior to planting. 
A split-plot field design with forage species as the whole plot was 
employed (Fig. 1). Subplots consisted of five randomized treatment combi­
nations. The first treatment was a check in which natural weed growth was 
allowed (Fig. 2). Two oat genotypes with contrasting canopies used as 
companion crops comprised the next two treatments. An Australian variety, 
'A-465', developed a moderately dense canopy with "drooping" leaves while 
'C237-89', a line developed at the Iowa Agricultural Experiment Station, 
produced a less-dense canopy with more-erect leaves (Figs. 3 and 4). In 
the fourth treatment the forages were planted in mid-August after a crop 
of oats was removed. Competition from weeds was controlled by hand weeding 
Fig. 1. Exp. I in 1966 before the first harvest of the seeding year. 

Fig. 2. Orchardgrass seedlings of Exp. I showing check (foreground) and 
hand-weeded (background) treatments. 

Fig. 3- Oat variety A-465 of Exp. I showing a moderately dense canopy. 

Fig. 4. Oat line C237-89 of Exp. I showing a moderately open canopy. 
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two or three times during the period between the first of May and mid-July 
in the final treatment (Fig. 2). 
Forage species were seeded in 20-cm (8-inch) rows. When used, the 
companion crop was seeded in rows between the forage species. Individual 
plot size was 5.48 by 2.64 m (18 by 8.67 ft). Each experiment was repli­
cated three times. Forages were planted April 16 and August 10, 1966 in 
Exp. I and April 18 and August 9, 196? in Exp. II. Malathion was applied 
as required to control leaf hoppers and other insects. 
Radiation Measurement 
The amount of solar radiation penetrating through the two oat com­
panions and the canopy of the check treatment to ground level was measured 
during the spring. Readings were taken at approximately weekly intervals 
beginning in the oat treatments at the time the oats began shading the 
forage species and continued until oat harvest. Observations were not 
started until a later date in the check plots. 
Daily integrated values were obtained with the use of photosensitive 
Sepia Ozalid paper (No. 402|T)' as described by Friend (1961). Meters 
were constructed by stapling stacks of 15 sheets of paper with the yellow-
coated side uppermost. The stacks were cut so that 1.6- by 1.6-cm booklets 
were constructed with a staple near one edge. Pages of the booklets are 
bleached when exposed to radiation near the 4I0-mu wavelength. When the 
bleached sheets are exposed to ammonia vapor, they become darkly colored. 
'produced by General Aniline and Film Corporation, Ansco Division, 
7400 Croname Road, Chicago, Illinois. 
Percent of incident solar radiation reaching a booklet was obtained 
by comparing the number of exposed pages to a standard curve constructed 
with the use of a Cinemoid filter (No. 60)'. The curve was obtained by 
placing zero, one, two, and three layers of filter over a larger booklet 
and exposing to solar radiation at the time meters under the various 
canopies were exposed. This curve related logarithm of percent incident 
solar radiation to number of pages exposed. A calibration curve was con­
structed each day that readings were taken. 
Ten meters were placed appoximately 13 cm (5 inches) apart on a 
wooden tray with a plexiglass covering. One tray was placed parallel to 
a forage row near the center of each plot in which readings were to be 
taken. One plot per replication of each appropriate canopy was randomly 
selected for observation without regard to the associated forage species. 
Observations were taken from sunrise to sunset on days that were relatively 
free of clouds. After being converted to percent Incident radiation, the 
values of the ten meters were averaged. 
Sampling Methods 
An area of forage 0.91 by 3.66 m (3 by 12 ft) was harvested for dry 
matter yield determinations with a National sickle-bar mower. A subsample 
of approximately 400 g was taken from each harvested plot. When components 
In addition to forage were present, the subsamples were frozen until they 
could be hand separated into weeds, forage, and oats; depending upon which 
categories were present. Subsamples not requiring separation and 
^Produced by Northwestern Costume House Inc., 3203 North Highway 100, 
Minneapolis, Minnesota. 
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hand-separated material were dried to a constant weight at 70°C. Plots of 
both experiments were harvested twice during the seeding year except for 
those planted after oats had been removed (Treatment 4). This treatment 
was not harvested the seeding year. In both experiments the first harvest 
was taken the second week in July and the second harvest came the first 
week in September. Three harvests were taken the following year (Table 1). 
After each harvest the plots were clipped to a uniform 5.7-cm (2.25-inch) 
height with a rotary mower. 
Orchardgrass in Exp. 1 suffered considerable winter injury. Little 
growth had occurred the next spring by the time of first harvest and yield 
Table 1, Harvest dates of six forage species in a forage establishment 
study 
Harvests during Harvests during year 
seeding year following seeding 
Species 1 2 1 2 3 
Exp. 1 
'1966 1967 
Birds foot trefoil 9-7 6-21 7-25 9-19 
Alfalfa 9-7 6-15 7-25 9-19 
Crownvetch 9-7 6-21 7-26 9-19 
Smooth bromegrass 9-7 6-15 7-26 9-21 
Orchardgrass 9-7 6-21 7-25 9-21 
Reed canarygrass 9-7 6-21 7-25 9-21 
Exp. 11 
1967 1968 
Birds foot trefoil 7-14 9-7 6-10 7-15 9-3 
A1falfa 7-14 9-7 6-5 7-10 9-3 
Crownvetch 7-14 9-7 6-10 7-15 9-3 
Smooth bromegrass 7-14 9-5 6-3 7-10 9-3 
Orchardgrass 7-14 9-5 6-3 7-10 9-3 
Reed canarygrass 7-14 9-5 6-3 7-12 9-3 
determinations were not taken. However, the plots were clipped and forage 
was removed. Improved aftermath growth resulted and yield data were taken 
during second and third harvests. 
Commencing with the second harvest of the seeding year, roots were 
dug with a spade from each plot whenever the forages were harvested. 
Exceptions occurred during the second harvest of the seeding year in Rep. 
Ill of Exp. I, in orchardgrass plots of Exp. I the year following planting, 
and in the final harvest of Exp. II. A 20- by137-cm (8- by 54-inch) area, 
centered over the second or third row from one edge of the plot, was 
sampled. The area for final sampling of the grass species in Exp. I was 
reduced to 20 by 69 cm. During each harvest samples were taken from the 
same relative position of all plots (e.g. Northeast corner, Northwest 
corner, etc.). Sampling was accomplished within 1 day after the herbage 
had been removed. 
Excess soil was removed from roots of legume species in the field 
before being placed in an ice chest used in transporting samples to the 
laboratory. After being washed with cold water, the plants were counted. 
Stem base-crown sections were removed from the roots below the lowest 
internode and the roots were trimmed to a 15-cm (6-inch) length. Both 
root and stem base-crown sections were blotted with paper towels and 
weighed. The roots were cut into small sections, placed in cloth bags, 
dried in a forced-air oven at 100°C for 1.5 hours, and dried to a constant 
weight at 70°C. Stem base-crowns were dried to a constant weight at 70°C 
before weighing. Raguse and Smith (1965) have shown that drying 1.5 hours 
at IOO°C followed by 70°C is more satisfactory for carbohydrate determi­
nation than drying continuously at the lower temperature. 
A substantial portion of the soil was removed from grass sod by soaking 
and spraying with cold tap water at a site near the experimental plots. 
Samples were transported to the laboratory in an ice chest and washed again 
with cold water to remove additional soil and foreign material. But as 
Williams and Baker (1957) have noted, even after careful washing soil is 
retained by cortical tissue and fine roots. 
A count was made of tillers in each sample. Stem bases were clipped 
just above the root and rhizome portion. The upper 10 cm (4 inches) of 
the root-rhizomes were used. Both stem bases and root-rhizomes were 
blotted with paper towels and weighed. Root-rhizome portions of smooth 
bromegrass and reed canarygrass and stem bases of orchardgrass were placed 
in a forced-air oven set at 100°C for 1.5 hours. All samples were dried 
to a constant weight at 70°C. 
Samples used for carbohydrate analysis (roots of legumes, root-
rhizomes of smooth bromegrass and reed canarygrass, and stem bases of 
orchardgrass) were ground with a Thomas mill using a 1-mm (18 mesh) screen 
and stored in small glass containers. 
Carbohydrate Analysis 
Extract ion and hydrolys is 
Grass species Soluble carbohydrates of grass species were extracted 
and hydrolyzed with hot 0.02 ^  HgSO^ in a method similar to that described 
by Smith, Paulsen, and Raguse (1964) and Greub (1966). Grote1ueschen and 
Smith (1967) demonstrated with timothy tissue that acid of this normality 
completely hydrolyzed fructosans and sucrose to reducing sugars and removed 
less hemicellulose than acids of greater normalities. Some fructose was 
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found to be destroyed by 0.8 N HgSO^y 
Five-hundred mg samples were placed in 250 ml erlenmeyer flasks and 
50 ml of 0.02 HgSO^ was added to each. A small funnel was placed in 
each flask with a marble set in the funnel to act as a condenser. Samples 
were heated in a boiling water bath for 1 hour and filtered in a buchner 
funnel under vacuum. The pH of the filtrate was adjusted between 5.5 
and 6.5 and the solution diluted to 500 ml. Several water blanks were 
included with each group of samples. 
Legume species A takadiastase enzyme, Clarase 900\ was used to 
saccharify samples from legume species. The procedure was similar to 
that described by Weinmann (19^7); Lindahl, Davis and Shepherd (1949); 
and Greub (I968). Greub used a combination of amyloglucosidase and 
takadiastase enzymes but was unable to demonstrate a consistent advantage 
over use of takadiatase alone. 
Five-hundred mg samples were placed in 100 ml polypropylene test 
tubes. Ten ml of sodium acetate-acetic acid buffer (pH 5.4) was added 
to each tube and the tubes closed with rubber stoppers wrapped in alum­
inum foil. The samples were heated in a boiling water bath for 40 minutes 
and cooled for 3 minutes in a cold water bath. Twenty ml of a 0.25% 
Clarase solution was added to each tube, the stoppers replaced, and the 
samples incubated in a water bath (45°C) for 44 hours. 
At the end of the incubation period the samples were filtered and 
the filtrate diluted to 500 ml after the pH had been adjusted between 5.5 
and 6.5. Several water blanks were included in each run. 
'produced by Miles Laboratories, Inc., Elkhart, Indiana. 
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Determi nat ion of reduci ng power 
Filtrates of both legume and grass samples were analyzed for reducing 
power by a copper-iodometric titration method described by Shaffer and 
Somogyi (1933) and modified by Heinze and Murneek (19^0). Reagent-grade 
glucose and fructose were used to construct standard curves for converting 
reducing equivalent to percent carbohydrates. 
A 10-ml aliquot from the diluted filtrate of each legume sample and 
a 20-ml aliquot from each grass sample were removed to separate test 
tubes. Ten ml of Reagent 50 were added and a condenser placed on each 
test tube. The samples were heated in a boiling water bath for 16 minutes 
and cooled for 3 minutes in a cold water bath. To each sample was added 
2 ml of potassium iodide-potassium oxalate solution and 10 ml of 1.0 
HgSO^. A titration was carried out using 0.02 ^  sodium thiosulfate with 
starch as an indicator. 
Precipitation Information 
Monthly precipitation values for the duration of this investigation 
are presented in Table 2. Adequate soil moisture was available at the 
beginning of the 1966 growing season. The moisture supply was supple­
mented by above-normal rainfall during May and June. However, low rain­
fall in July resulted in moisture becoming a limiting factor by the latter 
part of the month. Rainfall during August was about one-half of normal 
and precipitation during fall and winter months was well below normal. 
At the beginning of the I967 growing season, soil moisture was still in 
short supply which continued to be the case until late May. From that 
time until the end of June, near-record amounts of precipitation were 
Table 2. Monthly precipitation and deviation from normal^ in cm at the Agronomy-Agricultural 
Engineering Research Center, Boone County, Iowa 
1966 1967 1968 
Month Precipitat ion 
Deviat ion 
from normal Precipitation 
Deviation 
from normal Precipitation 
Deviat ion 
from normal 
January 3.5 +0.8 3.0 +0.2 1.2 -1.5 
February 1.0 -1.4 0.3 -2.2 0.2 -2.3 
March 5.7 +0.9 4.0 -0.8 3.5 -1.3 
Apr! 1 2.7 -3.9 7.1 +0.5 15.8 +9.2 
May 12.2 +1.3 6.3 -4.6 6.1 -4.7 
June 21.7 +8.5 25.9 +12.7 23.1 +9.9 
July 3.3 • -2.6 4.9 -3.5 5.7 -2.7 
August 5.2 -h. 6 3.7 -6.1 8.8 -0.9 
September 0.6 
-7.7 3.9 -4.5 
October 0.9 -4.2 5.0 -0.1 
November 0.6 -3.6 0.8 -3.4 
December 1.2 -1.4 1.2 -1.4 
®Based on monthly means 
Weather Bureau, Des Moines, 
for period 
Iowa. 
1921 to 1950 as 1 isted by U.S. Department of Commerce 
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recorded. However, the remaining months of the year were all characterized 
by below-normal precipitation and soil moisture became a limiting factor 
by late July. 
In contrast to the two previous growing seasons, 1968 was character­
ized by near-normal rainfall. There were no extended periods of dry 
weather during this season. 
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RESULTS 
Radiation Under Canopies 
Percent of incident radiation recorded at ground level beneath the 
canopies of the two oat companions and the check treatment are shown in 
Fig. 5 and Table 3. Each recorded observation is the average of 30 ozalid 
meters (ten meters in each replication). Analyses of variance are pre­
sented in Table 4. Incident radiation values from each meter were trans­
formed to logarithms prior to making statistical computations. The trans­
formation was necessary to convert the values from a logarithmic to a 
linear relationship. 
Oat companions began interception of solar energy by late May in 
both experiments. In Exp. I, C237~89 intercepted significantly (P<C.05) 
less radiation than A465. Lowest values of 8.5 and 14.2% of incident 
radiation were recorded on June 24 for A465 and C237-89, respectively. 
Undoubtedly, forages and weeds growing within the oats intercepted some 
radiation. However, because of the diffuse nature of radiation within 
the oat canopies and similar yields of forages and weeds under the two 
canopies (Table 5), interception by weeds and forages was not considered 
to be significant in Exp. I. 
Orthogonal comparisons indicated significantly (P<.01) more radiation 
penetrating the combined weed and forage canopy of the check treatment than 
the average of the oat companions in Exp. I. A substantial portion of the 
check-treatment values represents interception by forage species. 
Heavy rainfall in Exp. II beginning in late May resulted in above-
normal weed growth, especially of Pennsylvania smartweed (Polygonun 
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Fig. 5. Percent of incident radiation measured at ground level under 
three canopies 
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Table 3. Percent of incident radiation measured at ground level under 
three canopies 
Canopy 
Date A465 C237-89 Check 
Exp. 1 (1966) 
5-31 86.8 95.4 
6-10 48.0 51.2 
6-17 16.6 17.9 78.3 
6-24 8.5 14.2 41.5 
7-2 15.2 22.6 37.3 
Exp. II (1967) 
6-2 64.0 81.0 
6-10 8.1 7.6 
6-17 2.4 1.9 
6-20 1.4 1.4 
6-23 1.2 0.8 
6-29 0.9 0.8 0.2 
7-4 1.0 0.4 0.2 
7-11 1.6 0.5 0.1 
7-13 2.0 0.8 0.4 
pennsy]vanicum). This abnormal, weed growth became a pertinent factor in 
subsequent radiation measurements. As can be seen from Fig. 5, initially 
C237-89 intercepted less radiation than A465. However, the significant 
canopies by dates interaction (Table 4) reflects the change that occurred 
by later sampling dates. Lower subsequent values for C237-89 reflect 
greater weed growth in this treatment. As is shown in Table 5 when 
averaged over all forage species, 52% greater weed growth occurred with 
C237-89 than A465 in this experiment. 
Radiation levels reached much lower values in Exp. il than Exp. I. 
Low values of approximately 1.0% were recorded for A465. Significantly 
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Table 4. Analyses of variance for percent of incident radiation measured 
at ground level under two oat companion canopies and two oat 
companion plus check treatment canopies (1 = A465, 2 = C237-89, 
and 3 = Check)® 
Source of 
variation df Mean squares df Mean squares 
Exp. 1  
Replicat ions 2 1142 2 1148 
Canopies (C) 1 16559* 2 75555** 
1,2 vs 3 (1) 140683** 
1 vs 2 (1) 10427 
Dates (D) 4 79834** 2 9900 
C X D 4 . 1220 4 5104 
Exp. error 18 2043 16 2739 
Sampling error 270 199 243 395 
Exp. 11 
Replicat ions 2 1008 2 1197 
Canopies (C) 1 31955** 2 110412** 
1,2 vs 3 (1) 195358** 
1 vs 2 (1.) 25466* 
Dates (D) 8 20995** 3 28758** 
C X D 8 6408* 4 4353 
Exp. error 34 2144 16 3353 
Sampling error 486 407 243 527 
^Transformed by 100 log x in Exp. I and 100 log (lOx) in Exp. II. 
Mean squares tested against Exp. error. 
•Significant at .05 level of probability herein and following Tables. 
••Significant at .01 level of probability herein and following Tables. 
Table 5. Mean weed and forage dry matter yields (kg/ha) in first harvest 
during the seeding year of Exp. 1 and 11 
Exp. 1 Exp. 1 1 
T reatment Weeds Forage Weeds Forage 
Check 1662 434 6339 281 
A465 253 84 1880 104 
C237-89 284 103 2850 97 
Weeded 283 839 0 1500 
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(P<.01) lower readings occurred for 0237-89 while values for the check 
were significantly (P<.01) lower than average values of the two oat 
companions (Table 4). 
Dry Matter Yields of Oats 
Dry matter yields of the companion oats are shown in Table 6 with 
the analyses of variance presented in Table 7. The effect of associated 
forages on yields of the companion oats was nonsignificant in both experi­
ments. In both experiments yields of A465 exceeded C237-89 but the dif­
ference was only significant in Exp. II. Yields were slightly higher in 
Exp. I than Exp. I I. 
Table 6. Mean dry matter yields (kg/ha) of two oat companion crops 
(harvested in mid-July) 
Companion Exp. 1 Exp. 11 
A465 
C237-89 
5100 
4776 
5029 
4486 
Table 7. Analyses 
crops as 
of variance for dry matter yields 
influenced by associated forages 
of two oat companion 
Source of Mean 
a 
squares 
variation df Exp. 1 Exp. 11 
Replicat ions 
Forages (F) 
Error (a) 
2 
5 
10 
805 
384 
480 
283 
245 
859 
Companions (C) 
F X C 
Error (b) 
1 
5 
12 
952 
181 
533 
2652* 
1531 
586 
^Divided by 10^. 
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Forage and Weed Yields 
Legume species 
Seeding year Dry matter yields of the seeding year for birdsfoot 
trefoil, alfalfa, and crownvetch are presented in Tables 8, 9, and 10, 
respectively. Both experiments were characterized by dry weather after 
mid-July (Table 2). Generally, alfalfa yields were much higher than 
those of either birdsfoot trefoil or crownvetch, especially when greater 
interspecies competition from oats and weeds was present. in Exp. 11 
with higher fertility levels, birdsfoot trefoil and alfalfa yields were 
similar from the weeded treatment while crownvetch yields were higher. 
Total yields for the two harvests were 2325, 2408, and 2952 kg/ha for 
birdsfoot trefoil, alfalfa, and crownvetch, respectively. Comparable 
yields in Exp. I were 627, 3120, and 963 kg/ha (kg/ha = 1.12 lb/acre). 
Birdsfoot trefoil and crownvetch yields of the remaining treatments 
were very low and only a small fraction of associated weed yields. 
Although alfalfa yields from these treatments were greater, generally, 
they were less than one-fourth of the weeded treatment. 
A measure of difference in weed competition between the two experi­
ments is seen in Table 5. Averaged over all species, first harvest weed 
yields of the check treatment were approximately four times greater in 
Exp. I I than Exp. I. 
Year following seeding Forage and weed yields of the three 
harvests the year following seeding are presented in Figs. 6, 7, and 8, 
and Tables 11, 12, and 13. Analyses of variance are shown in Tables 14 
and 15. Yields totalled for the year are presented in Table 16. 
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Table 8. Mean dry matter yields (kg/ha) of birdsfoot trefoil, weeds, and 
oats during the seeding year as influenced by method of establish­
ment 
Harvest 1 Harvest 2 
T reatment Oats Weeds Forage Weeds Forage % forage 
Exp. 1 
Check 2099 84 1430 30 2.1 
A465 4975 300 38 306 3 1.0 
C237-89 4695 396 24 396 3 0.8 
Summer 4975 
Weeded 199 224 1241 403 24.5 
Exp. 11 
Check 6521 12 964 8 0.8 
A465 5005 2119 7 1449 15 1.0 
C237-89 5311 2526 2 1065 8 0.7 
Summer 5132 
Weeded 0 473 1063 1852 63.5 
Table 9. Mean dry matter yields (kg/ha) of alfalfa, weeds, and oats during 
the seeding year as influenced by method of establishment 
T reatment 
Harvest 1 Harvest 2 
Oats Weeds Forage Weeds Forage % forage 
Exp. 1 
Check 1341 1 121 1094 633 36.7 
A465 5113 339 217 265 249 48.4 
C237-89 5265 244 355 349 349 50.0 
Summer 5311 
Weeded 221 2059 480 1061 68.9 
Exp. 11 
Check 7262 86 836 88 9.5 
A465 5920 1799 92 1040 356 25.5 
C237-89 3446 3287 24 881 299 25.3 
Summer 6190 
Weeded 0 1276 1532 1132 42.5 
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Table 10. Mean dry matter yields (kg/ha) of crownvetch, weeds, and oats 
during the seeding year as influenced by method of establishment 
Harvest 1 Harvest 2 
Treatment Oats Weeds Forage Weeds Forage % forage 
Exp. 1 
Check 2003 108 1569 31 1.9 
A465 5443 250 29 224 4 1.8 
C237-89 4884 259 29 429 9 2.1 
Summer 5488 
Weeded 316 320 1440 643 30.9 
Exp. 11 
Check 6597 13 772 6 0.8 
A465 4823 1855 7 1364 41 2.9 
C237-89 4355 3049 2 1266 7 0.5 
Summer 6393 
Weeded 0 386 264 2566 90.7 
In the statistical analyses, orthogonal comparisons were used to test 
individual treatment effects. The summer-sown treatment was first tested 
against the spring-sown treatments. Because of difference in weed compe­
tition in the check treatment between the two experiments, the remaining 
comparisons differed. In Exp. I the next comparison was oat companions 
versus weeded and check treatments. However, in Exp. II the next compar­
ison was weeded versus oat companions plus check treatments. The check 
was grouped with the oat companions because competition from weeds in this 
experiment was comparable to the combined competition from oats and weeds. 
In Exp. II where fertility and moisture levels were higher, birds-
foot trefoil and crownvetch yields were more than twice as great. Con­
versely, alfalfa yields were similar in the two experiments. 
Analyses of variance combined over the three species are presented 
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Fig. 6. Mean dry matter yields of birdsfoot trefoil during the year 
following seeding as influenced by method of establishment 
(1 = Check, 2 » A465, 3 - C237-89, 4 = Summer, and 5 = Weeded) 
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3 = C237"89. 4 = Summer, and 5 = Weeded) 
48 
2000 
1000 
kg/ha 
4000 
3000 
2000 
1000 
Fig. 8. Mean dry matter yields of crownvetch during the year following 
seeding as influenced by method of establishment (1 = Check, 
2 = A465, 3 = C237-89, 4 » Summer, and 5 = Weeded) 
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Table 11. Mean dry matter yields (kg/ha) of birdsfoot trefoil during the year following seeding as 
influenced by method of establishment 
Harvest 1 Harvest 2 Harvest 3 
Treatment Weeds Forage % forage Weeds Forage % forage Weeds Forage % forage 
Exp. I 
Check 225 395 63.7 302 311 50.7 556 212 27.6 
A465 226 242 51.7 503 274 35.3 629 184 22.6 
C237-89 320 158 33.1 452 223 33.5 496 119 19.3 
Summer 324 31 8.7 792 37 4.5 967 37 3.7 
Weeded 94 1620 94.5 128 837 86.7 368 300 44.9 
Exp. 11 
Check 663 2082 75.8 0 2886 100 1707 986 36.6 
A465 435 2664 86.0 0 2947 100 1368 1641 54.5 
C237-89 0 2518 100 0 2911 100 1408 1534 19.2 
Summer 752 7 0.9 2139 66 3.0 2480 112 4.3 
Weeded 0 4097 100 0 2530 100 137 2190 94.1 
Table 12. Mean dry matter yields (kg/ha) of alfalfa during the year following seeding as influenced 
by method of establishment 
Harvest 1 - Harvest 2 Harvest 3 
Treatment Weeds Forage % forage Weeds Forage % forage Weeds Forage % forage 
-
Exp. 1 
Check 0 3282 100 0 4501 100 0 1820 100 
A465 0 2686 100 0 3942 100 0 1700 100 
C237-89 0 2817 100 0 3860 100 0 1710 100 
Summer 200 1202 85.7 270 1800 87.0 101 1009 90.9 
Weeded 0 3751 100 0 4617 100 0 3887 100 
Exp. 11 
Check 0 3043 100 0 3297 100 1671 1855 52.6 
A465 0 4136 100 0 3531 100 407 2175 84.2 
C237-89 0 3752 100 0 3328 100 361 2271 86.3 
Summer 0 1863 100 0 2836 100 641 2129 76.9 
Weeded 0 4462 100 0 3806 100 0 1935 100 
Table 13. Mean dry matter yields (kg/ha) of crownvetch during the year following seeding as influenced 
by method of establishment 
Harvest 1 Harvest 2 Harvest 3 
Treatment Weeds Forage % forage Weeds Forage % forage Weeds Forage % forage 
Exp. I 
Check 321 169 34.5 286 319 52.7 454 129 22.1 
A465 133 293 68.8 362 327 47.5 600 125 17.2 
C237-89 205 168 45.0 393 308 43.9 628 132 17.4 
Summer 207 603 74.4 249 474 65.6 436 203 31.8 
Weeded 120 1357 91.9 94 820 89.7 408 612 60.0 
Exp. 11 
Check 0 1670 100 665 1296 66.1 1443 1326 47.9 
A465 0 2580 100 0 2256 100 1702 1184 41.0 
C237-89 136 1614 92.9 401 1641 80.4 1382 1530 52.5 
Summer 560 10 4.8 1504 234 13.5 2037 417 17.0 
Weeded 0 3061 100 0 1753 100 0 970 100 
52 
Table 14. Analyses of variance for dry matter yields of legume species 
during the year following seeding as influenced by method of 
establishment (I = Check, 2 = A465, 3 = C237-89, 4 = Summer, 
and 5 = Weeded) 
Source of 
variation 
Mean squares 
df Birdsfoot trefoil A1falfa Crownvetch 
Exp. 1 
Repli cat ions 2 765 6363 5612 
Treatments (T) 4 10563** 59379** 8569* 
4 vs 1,2,3,5 (1) 9952** 210874** 66 
2,3 vs 1,5 (1) 15203** 24669 10500* 
2 vs 3 (1) ' 183 16 95 
1 vs 5 (1) 1688 6'Wf 2124 23624Vf* 
Error (a) 8 634 5907 1692 
Harvests (H) 2 3817** 168 43 5'f* 3147** 
T X H 8 2452** 5384)W, 865 
Error (b) 20 251 338 409 
Exp. 11 
Replicat ions 2 1248 1119 18197* 
Treatments (T) 4 441036** 18959* 46593** 
4 vs 1,2,3,5 (1) 398857** 52839** 166692** 
5 vs 1,2,3 (1) 32875** . 8668 4159 
1 vs 2,3 (0 8878** 13083 7850 
2 vs 3 (1) 417 1203 7642 
Error (a) 8 580 3825 2494 
Harvests (H) 2 . 47840** 89044** 18732** 
T X H 8 9946** 8890** 8394** 
Error (b) 20 2337 1664 625 
^Divided by 10^. 
in Table 17. Alfalfa yields were significantly (P<.Ol) greater than the 
average of birdsfoot trefoil and crownvetch. Production of birdsfoot 
trefoil was significantly (P <^.05) greater than crownvetch in Exp. 11 but 
similar in Exp. I. In both experiments significant (P<.01) species by 
treatments interactions existed. The interactions, undoubtedly, resulted 
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Table 15. Analyses of variance for dry weight of weeds in legume species 
during the year following seeding as influenced by method of 
establishment (1 = Check, 2 = A465, 3 = C237-89, 4 = Summer, 
and 5 = Weeded) 
Source of ; Mean squares* 
variation df Birdsfoot trefoil Alfalfa Crownvetch 
Exp. 1 
Replicat ions 2 533 349 282 
Treatments (T) 4 2915** 653 542* 
4 vs 1.2,3,5 (1) 8140VfVf 2609** 98 
2,3 vs 1,5 (1) 2292* 0 1019* 
2 vs 3 (0 38 0 86 
1 vs 5 (1) 1220 0 968* 
Error (a) 8 241 349 119 
Harvests (H) 2 501 h'f* 43 3826** 
T X H 8 349 43 187 
Error (b) 20 370 23 181 
Exp. 11 
Replicat ions 2 5455 1839 2856 
Treatments (T) 4 37791** 4007* 21283** 
4 vs 1,2,3,5 (I) 124226** 8 56993** 
2,3 vs 1,5 (1) 22250** 4952* 27373* 
2 vs 3 (1) 3901 11054'Wf 596 
1 vs 5 (1) 778 10 231 
Error (a) 8 1352 722 2506 
Harvests (H) 2 52208** 18948** 53904vnv 
T X H 8 7437 4007** 51O6V0V 
Error (b) 20 1864 945 1064 
^Divided by 10^. 
from relatively better alfalfa production when established under conditions 
of interspecies competition. 
Treatment effects were significant for all species in both experiments 
but greater effects were shown with crownvetch and birdsfoot trefoil than 
with alfalfa (Table 14). With the exception of crownvetch in Exp. II, the 
Table 16. Mean dry matter yields (kg/ha) of legume species during the year following seeding as 
Influenced by method of establishment (total of three harvests) 
Birdsfoot trefoil A1 fal fa Crownvetch 
Treatment Weeds Forage % forage Weeds Forage % forage Weeds Forage % forage 
Exp. I 
Check 1083 918 45.9 0 9603 100 1061 617 36.8 
A465 1358 700 34.0 0 8328 100 1095 745 40.5 
C237-89 1268 505 28.5 0 8387 100 1226 608 33.2 
Summer 2083 105 4.8 571 4011 87.5 892 1280 58.9 
Weeded 590 2757 82.4 0 10255 100 622 2789 81.8 
Exp. 11 
Check 2370 5954 71.5 1671 8195 83.1 2108 4292 67.1 
A465 1803 7252 80.1 407 9842 96.0 1702 6020 78.0 
C237-89 1408 6963 83.2 361 9351 96.3 1919 4785 71.4 
Summer 5371 185 3.3 641 6828 91.4 4101 661 13.9 
Weeded 137 8817 98.5 0 10203 100 0 5784 100 
Table 17. Combined analyses of variance for dry weight of weeds and dry matter yields of legume 
species (B = Birdsfoot trefoil, A = Alfalfa, and C = Crownvetch) during the year following 
seeding as influenced by method of establishment (1 = Check, 2 = A465, 3 = C237-89, 
4 = Summer, and 5 = Weeded) 
Exp. I Exp. I I 
Source of 
variai ion df 
Mean 
a 
squares 
Source of 
variai ion df 
Mean 
b 
squares 
Weeds Forage Weeds Forage 
Replicat ions 2 37 8432 Replicat ions 2 512 768 
Species (S) 2 18226** 820133** Spec ies 2 3709* 27076 •-A-
A vs B,C (1) 34198** 218580** A vs B,C (0 7267** 48379-'wV 
B vs C (1) 2235 50 B vs C (1) 159 5764-V 
Error (a) 4 564 2149 Error (a) 4 . 252 644 
Treatments (T) 4 2334*-V 46598*-V Treatments (T) 4 4483** 15300-* 
4 vs 1,2,3,5 (1) 5760** 101133** 4 vs 1,2,3,5 ( 1 )  117^5— 53755 -A-
2,3 vs 1,5 ( I )  2122** 48945** 5 vs 1,2,3 ( I )  4931** 3829 ~k 
2 vs 3 (1) 3 126 1 vs 2,3 ( 1 )  1225^ -* 2942 
1 vs 5 (1) 1451* 36215** 2 vs 3 (1) 8 677 
S X T 8 888** 15956** S X T 8 913'-* 1l4h 
Error (b) 24 236 2745 Error (b) 24 153 230 
Harvests (H) 2 5350** 81510** Harvests (H) 2 11696:-': 13688 
S X H 4 1765** 46945** S X H 4 405* 936 
T X H 8 191 5146** T X H 8 1048*-': 2050 -V 
S X T X H 16 194 I778** S X T X H 16 304* 337 
Error (C) 60 191 333 Error (C) 60 129 154 
^Divided by 10^. 
^Divided by 10^. 
weeded treatment resulted in greatest forage yields the year following 
seeding. Forage production was normally lowest from summer plantings. 
However, summer-sown crownvetch in Exp. I resulted in yields that were 
less than the weeded treatment but greater than remaining treatments. 
In general, treatments with less weed and oat competition during the 
seeding year produced greater yields the following year. Although inter­
species competition was much more severe during establishment in Exp. II, 
treatment effects were not greater in that experiment. Treatments by 
harvests interactions normally existed because of more nearly equal yields 
among treatments by later harvests (Table 14). 
Greater weed growth occurred in Exp. II than Exp. 1 (Table 16). 
However, because of proportionately greater forage production in Exp. II, 
the percentage of economic species in the mixture was normally higher. 
Within each experiment inverse relationships existed between weed and 
forage yields. Treatments resulting in greater forage yields, normally 
resulted in lower weed growth. Significantly (P<.05) less weed growth 
was associated with alfalfa than birdsfoot trefoil or crownvetch (Table 17). 
Grass Species 
Seeding year Seeding year dry matter yields of the three grass 
species are presented in Tables 18, 19, and 20. Forage yields in Exp. I 
of the weeded treatment (total of first and second harvests) were 1732, 
1255, and 1230 kg/ha for smooth bromegrass, reed canarygrass, and orchard-
grass. Similar yields in Exp. II were 4l89, 4230, and 3022 kg/ha. Yields 
of remaining treatments were very low and much less than associated weeds. 
Visual observations at the time weeds and oats of Exp. II were 
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Table 18. Mean dry matter yields (kg/ha) of smooth bromcgrass, weeds, and 
oats during the seeding year as influenced by method of estab-
1 Ishment 
Harvest 1 Harvest 2 
T reatment Oats Weeds Forage Weeds Forage % forage 
Exp. 1 
Check 1279 874 599 161 21.2 
A465 5153 141 25 187 10 5.1 
C237-89 4380 307 109 365 39 9.7 
Summer 5509 
Weeded 235 984 386 748 66.0 
Exp. 11 
Check 4296 115 1665 7 0.4 
A465 4869 1530 132 1044 36 3.3 
C237-89 4579 2500 188 1194 15 1.2 
Summer 6520 
Weeded 0 2373 251 1816 87.9 
Table 19. Mean dry matter yields (kg/ha) of reed canarygrass, weeds, and 
oats during the seeding year as influenced by method of estab-
1i shment 
Treatment 
Harvest 1 Harvest 2 
Oats Weeds Forage Weeds Forage % forage 
Exp. 1 
Check 1698 305 1342 94 6.5 
A465 5345 148 37 214 2 0.9 
C237-89 4869 335 63 263 7 2.6 
Summer 5499 
Weeded 254 839 989 416 29.6 
Exp. 11 
Check 6789 283 586 35 5.6 
A465 5345 1784 274 702 91 11.5 
C237-89 4436 2820 264 700 31 4.2 
Summer 6108 
Weeded 0 2647 426 1583 78.8 
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Table 20. Mean dry matter yields (kg/ha) of orchardgrass, weeds and oats 
during the seeding year as influenced by method of establishment 
Harvest 1 Harvest 2 
T reatment Oats Weeds Forage Weeds Forage % forage 
Exp. 1 
Check 1555 109 1333 42 3.1 
A465 4578 339 49 472 6 1.3 
C237-89 4787 162 36 315 8 2.5 
Summer 6978 
Weeded 473 610 1692 620 26.8 
Exp. 11 
Check 6571 76 614 96 13.5 
A465 4564 2195 118 456 99 17.8  
C237-89 4787 2932 102 473 140 22.8 
Summer 6978 
Weeded 0 1845 261 1177 81.8 
removed in mid-July indicated orchardgrass withstood severe shading better 
than reed canarygrass and that smooth bromegrass was the least tolerant of 
the three grass species. 
Year following seeding Forage and weed yields of the grass species 
are shown in Figs. 9, 10, and 11 and Tables 21, 22, and 23 for the three 
harvests the year following establishment. Only two harvests are shown 
for orchardgrass in Exp. I. Analyses of variance are presented in Tables 
24 and 25. Yields totalled for the year can be seen in Table 26. 
With the higher fertility and moisture levels of Exp. 11, forage 
yields were approximately triple those of Exp. I. Except for second and 
third harvests of orchardgrass in Exp. 1, treatment effects were signifi­
cant (P<.01) for all species in both experiments. Most of the signifi­
cance due to treatments was associated with lower production of 
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Fig. 9. Mean dry matter yields of smooth bromegrass during the year 
following seeding as influenced by method of establishment 
(1 = Check, 2 = Ak65, 3 • C237-89, 4 = Summer, and 5 = Weeded) 
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Fig. 10. Mean dry matter yields of reed canarygrass during the year 
following seeding as influenced by method of establishment 
(1 = Check, 2 « A465, 3 " 0237-89, 4 = Summer, and 5 = Weeded) 
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Fig. 11. Mean dry matter yields of orchardgrass during the year following 
seeding as influenced by method of establishment (1 = Check, 
2 = A465, 3 " C237-89, 4 = Summer, and 5 = Weeded) 
Table 21. Mean dry matter yields (kg/ha) of smooth bromegrass during the year following seeding as 
Influenced by method of establishment 
Harvest 1 Harvest 2 Harvest 3 
Treatment Weeds Forage % forage Weeds Forage % forage Weeds Forage % forage 
Exp. I 
Check 0 2128 100 17 424 96.1 0 495 100 
A465 0 1607 100 7 432 98.4 78 362 82.3 
C237-89 0 1580 100 0 361 100 32 240 88.2 
Summer 0 1108 100 94 756 88.9 55 398 87.9 
Weeded 0 3230 100 0 374 100 0 614 100 
Exp. 11 
Check 4 4336 99.9 1128 1814 61.7 2261 1316 36.8 
A465 0 7185 100 0 2871 100 1971 675 25.5 
C237-89 0 5976 100 0 2490 100 2398 1138 32.2 
Summer 88 2382 96.4 66 3516 98.2 2358 665 22.0 
Weeded 0 8262 100 0 3099 100 909 1503 62.3 
Table 22. Mean dry matter yields (kg/ha) of reed canarygrass during the year following seeding as 
influenced by method of establishment 
Treatment 
Harvest I Harvest 2 Harvest 3 
Weeds Forage % forage Weeds Forage % forage Weeds Forage % forag; 
Exp. 1 
Check 159 1234 88.6 0 329 100 0 1149  100 
A465 305 752 71.1 206 325 61,2 513 656 56.1 
C237-89 233 1 no  82.7 17 306 94.7 , 223 777 11 .1  
Summer 340 510 60.0 283 747 72.5 669 684 50.6 
Weeded 0 194) 100 0 293 100 0 1312  100 
Exp. 11 
Check 0 4629 100 0 3648 100 0 3135 100 
A465 0 4682 100 0 3912 100 0 2891 100 
C237-89 0 4264 100 0 3643 100 0 2815 100 
Summer 0 2120 100 681 2261 76 .9  1474 2073 58.4 
Weeded 0 4730 100 0 3948 100 0 2932 100 
Table 23. Mean dry matter yield (kg/ha) of orchardgrass 
influenced by method of establishment 
during the year following seeding as 
T reatment 
Harvest 1 Harvest 2 Harvest 3 
Weeds Forage % forage Weeds Forage % forage Weeds Forage % forage 
1 
Exp. 1 
Check 601 . 208 25.7 561 241 30.0 
A465 1014 405 28.5 918 345 27.3 
C237-89 498 330 39.9 489 301 38.1 
Summer 1568 193 11.0 758 123 14.0 
Weeded 893 248 21.7 740 327 30.6 
Exp. 11 
Check 0 4458 100 0 4283 100 0 2998 100 
A465 0 4685 100 0 4182 100 0 3419 100 
C237-89 0 4510 100 0 4197 100 0 3359 100 
Summer 282 428 60.3 965 3455 78.2 839 3043 78.4 
Weeded 0 4673 100 0 3988 100 0 3227 100 
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Table 24. Analyses of variance for dry matter yields of grass species 
during the year following seeding as influenced by method of 
establishment (1 = Check, 2 = AkSS, 3 = C237-89, 4 = Summer, 
and 5 = Weeded) 
a 
Mean squares 
Source of Smooth Reed 
varlation df bromegrass canarygrass Orchardgrass 
Exp. 1 
Repli cat ions 2 2204* 1017 
Treatments (T) 4 7252** 5268** 
4 vs 1,2,3,5 (1) 3925* 2925* 
2,3 vs 1,5 (1) 17969** 13591** 
2 vs 3 (0 246 1059 
1 vs 5 (0 6835** 3499* 
Error (a) 373 440 
Harvests (H) 2 110302** 20137** 
T X H 8 6944vwf 3732** 
Error (b) 20 642 723 
— Exp. 11 
Replications 2 4663 15882 4349 
Treatments (T) 4 63979** 48278-.Wf 51779** 
4 vs 1,2,3,5 (1) 103710** 188330** 205527** 
5 vs ],2,3 (0 97094* 1212 152 
1 vs 2,3 (1) 48636 644 1291 
2 vs 3 (1) 6371 2908 246 
Error (a) 8 13213 5355 2562 
Harvests (H) 2 799606** 65020** 25626** 
T X H 8 57722V0V 4236 28202** 
Error (b) 20 4025 2170 1267 
^Divided by 10^. 
summer-sown forages. Orchardgrass was least sensitive to the establish­
ment treatments while smooth bromegrass was the most sensitive. Smooth 
bromegrass and reed canarygrass produced greatest yields when established 
by weeding while orchardgrass had greatest production when established 
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Table 25. Analyses of variance for dry weight of weeds in grass species 
during the year following seeding as influenced by method of 
establishment (1 = Check, 2 = A465, 3 = C237-89, 4 = Summer, 
and 5 = Weeded) 
a 
Mean squares 
Source of Smooth Reed 
variation df bromegrass canarygrass Orchardgrass 
Exp. 1 
Rep]icat ions 2 2 970 
Treatments (T) 4 37* 3070** 
4 vs 1,2,3,5 (1) 104^ w<' 6186** 
2,3 vs 1,5 (1) 25 4492)'(* 
2 vs 3 (1) 13 1518 
1 vs 5 (1) 1 125 
Error (a) 8 6 • 332 
Harvests (H) 2 43* 1225** 
T X H 8 23 378 
Error (b) 20 12 187 
Exp. 1 1 
Rep]icat ions 2 15308 3387 1318 
Treatments (T) 4 8174 9281 8698* 
4 vs 1,2,3.5 (1) 949 37123* 34819:'(* 
2,3 vs 1,5 (1) 21105 0 0 
2 vs 3 (0 9724 0 0 
1 vs 5 (1) 910 0 0 
Error (a) 8 5509 3387 1318 
Harvests H 2 173035** 3262 791 
T X H 8 5434 3262* 791 
Error (b) 20 5442 1155 1094 
^Divided by 10^. 
with oat companions. 
Generally, significant treatments by harvests interactions were present 
because of more nearly equal yields among treatments by later harvests 
(Table 24). 
Table 26. Mean dry matter yields (kg/ha) of grass species during the year following seeding as 
influenced by the method of establishment (total of three harvests) 
Smooth bromeqrass Reed canaryqrass Orchardqrass^ 
Treatment Weeds Forage % forage Weeds Forage % forage Weeds Forage % forage 
Exp. 1 
Check 17 3047 99.4 159 2712 94.5 1162 449 27.9 
A465 85 2401 96.6 1024 1733 62.9 1932 750 28.0 
C237-89 32 2181 98.6 473 2193 82.2 987 631 39.0 
Summer 149 2262 93.8 1292 1941 60.0 2326 316 12.0 
Weeded 0 4218 100 0 3546 100 1633 575 26.0 
Exp. 11 
Check 3393 7466 68.8 0 11412 100 0 11739 100 
A465 1971 10731 84.5 0 11485 100 0 12286 100 
C237-89 2398 9604 80.0 0 10722 100 0 12066 100 
Summer 2312 6563 72.3 2155 6454 75.0 2086 6926 76.9 
Weeded 909 12864 93.4 0 11610 100 0 11888 100 
^Based on 2nd and 3rd harvests in Exp, I. 
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Analyses of variance combined over grass species are presented in 
Table 27. Averaged over all treatments, there was no significant dif­
ference in yields of smooth bromegrass and reed canarygrass in Exp. I, 
nor among the three grass species in Exp. II. Species by treatments 
interactions were not significant in either experiment. Both experiments 
had significant species by harvests interactions resulting from relatively 
low yields of aftermath forage by smooth bromegrass. 
Normally, weed yields were lower in Exp. II, although, considerable 
weed growth occurred in the third harvest of smooth bromegrass. In both 
experiments summer planting resulted in significantly (P<.05) greater 
weed growth. 
Plant Densities of Legume Species 
2 
Plant density determinations (plants/m ) of legume species were made 
during the last harvest of the seeding year and for all subsequent harvests 
except the final harvest in Exp. II. Densities were determined for only 
two replications during the seeding year of Exp. I. The results are pre­
sented in Tables 28 and 29 and analyses of variance are shown in Tables 
30 and 31. 
Similar birdsfoot trefoil densities were observed the year following 
establishment in both experiments. Conversely, higher alfalfa and crown-
vetch densities occurred in Exp. I than Exp. II. in both experiments 
alfalfa densities were significantly (P<.01) greater than the average of 
the other two legumes. Crownvetch densities were significantly (P<.01) 
greater than those of birdsfoot trefoil in Exp. I but similar in the 
second experiment. 
Table 27. Combined analyses of variance for dry weight of weeds and dry matter yields of grass 
species (B = Smooth bromegrass, R = Reed canarygrass, and ) = Orchardgrass during the year 
following seeding as influenced by method of establishment (1 = Check, 2 = A465, 3 = 0237-89, 
4 = Summer, and 5 = Weeded) 
Exp. 1^ Exp. I I 
Source of 
variation df 
Mean 
b 
squares 
Source of 
variation df 
Mean squares*" 
Weeds Forage Weeds Forage 
Replicat ions 2 494 538 Replicat ions 2 446 998 
Species (S) I 7097 3923 Species (S) 2 5476* 2968 
Error (a) 2 478 2683 0 vs B, R (1) 2804 3961 
B vs R (1) 8167* 1981 
Error (a) 4 778 745 
Treatments (T) 4 1879'- 12112** Treatments (T) 4 1665** 13750** 
4 vs 1,2,3,5 (1) 3947*- 6816** 4 vs 1,2,3,5 (0 5601** 48709** 
2,3 vs 1,5 (1) 2585* 31449** 5 vs 1,2,3 ( I )  708 3719* 
2 vs 3 (1) 908* 142 l vs 2,3 (1) 325 1782 
1 vs 5 (1) 77 10050** 2 vs 3 (1) 30 747 
S X T 4 1227** 408 S X T 8 475 1327 
Error (b) 16 169 406 Error (b) 24 340 704 
Harvests (H) 2 676** 97788** Harvests (H) 2 7795** 51590** 
S X H 2 593** 32651** S X H 4 4957** 18717** 
T X H 8 23y: 9835** T X H 8 450 6409** 
S X T X H 8 163 841 S X T X H 16 249 1303** 
Error (c) 40 100 682 Error (c) 60 256 249 
^Smooth bromegrass and reed canarygrass only. 
Divided by 10 , 
D^ivided by 10^ . 
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Table 28. Mean densities 2 (plants/m ) of legume species in Exp. 1 as 
influenced by method of establishment 
T reatment Birdsfoot trefoil Alfalfa Crownvetch Average 
Harvest 2 of seeding year^ 
Check 129 416 136 111 
A465 108 287 83 160 
C237-89 72 222 172 155 
Weeded 237 334 201 259 
Year following seeding 
Harvest 1 
Check 57 301 79 145 
A465 25 240 47 104 
C237-89 43 283 61 129 
Summer 14 269 452 245 
Weeded 129 337 179 215 
Harvest 2 
Check 86 258 100 148 
A465 54 276 72 134 
C237-89 50 269 75 132 
Summer 25 176 380 193 
Weeded 108 398 122 209 
Harvest 3 
Check 83 352 90 174 
A465 47 201 65 104 
C237-89 36 204 65 102 
Summer 32 230 409 223 
Weeded 
h 
122 341 115 192 
Average 6]  276 154 
Mean of two replications. 
Year following seeding. 
\ 
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Table 29. Mean densities (plants/m ) of legume species in Exp. II as 
influenced by method of establishment 
Treatment Birdsfoot trefoil Alfalfa Crownvetch Average 
Harvest 2 of seeding year 
Check 72 68 25 55 
A465 36 115 54 68 
C237-89 47 83 36 55 
Weeded 129 230 161 173 
Year fol lowinq seedinq 
Harvest 1 
Check 39 63 29 44 
A465 50 102 47 66 
C237-89 62 109 38 70 
Summer 17 176 26 73 
Weeded 115 249 126 163 
Harvest 2 
Check 33 108 28 56 
A465 57 115 42 71 
C237-89 71 110 57 79 
Summer 23 230 29 94 
Weeded 127 230 157 171 
Average^ 59 149 58 
^Year following seeding. 
There appears to have been a slight advantage for winter survival in 
Exp. I for plants established by hand weeding. Percent reduction in 
densities between late summer and spring determinations averaged over the 
three species were 17 for the weeded treatment compared to 26 for oat 
companion treatments and 36 for the check. In Exp. II greater variability 
was present. The weeded treatment had a reduction of 6% and the check a 
reduction of 20%. However, the average of the oat companions increased. 
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Table 30. Analyses of variance for plant densities of legume species 
during the year following seeding as influenced by method of 
establishment (1 = Check, 2 = A465, 3 = C237-89, 4 = Summer, 
and 5 = Weeded) 
Source of Mean squares 
variation df Birdsfoot trefoil Alfalfa Crownvetch 
Repli cations 2 
Treatments (T) 4 
4 vs 1,2,3,5 (1) 
2,3 vs 1,5 (1) 
2 vs 3 (1) 
1 vs 5 (1) 
Error (a) 8 
Harvests (H) 2 
T X H 8 
Error (b) 20 
343 
13128** 
15299** 
28179** 
1 
9046** 
3 1 2  
518  
423 
372 
Exp. I 
21565 
26789* 
28449 
64232* 
708 
13729 
5854 
1660 
6099 
5031 
1789 
196852** 
754173** 
21900* 
232 
10873 
3912 
1 0 1 6  
1943 
1827 
Exp. 
Replications 2 
Treatments (T) 4 
4 vs 1,2,3,5 (I) 
5 vs 1,2,3 (1) 
1 vs 2,3 (1) 
2 vs 3 (1) 
Error (a) 8 
Harvests (H) 2 
T X H 8 
Error (b) 20 
2131 
8917** 
1 l848'"f 
21197** 
2208 
474 
813 
227 
69 
472 
3006 
27405** 
21604* 
85977** 
2213 
<1 
2171 
2609 
1370 
1766 
376 
13531** 
6777** 
45935** 
1287* 
39 
160 
652 
348 
190 
Statistical analyses of plant densities the year following establish­
ment indicated a significant effect of treatments on all three species 
(Table 30). Alfalfa was less sensitive to the establishment methods than 
birdsfoot trefoil and crownvetch. Normally, greater interspecies compe­
tition during establishment resulted in lower densities. Summer-sown 
birdsfoot trefoil resulted in significantly (P<.01) lower densities in 
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Table 31. Combined analyses of variance for plant densities of legume 
species (B = Birdsfoot trefoil, A = Alfalfa, C = Crownvetch) 
during the year following seeding as influenced by method of 
establishment (1 = Check, 2 = AkSS, 3 = C237-89, 4 = Summer, 
and 5 = Weeded)® 
Exp. I Exp. 11 
Source of 
variation df Mean squares 
Source of 
variati on df Mean squai 
Repli cat ions 2 1309 Repli cat ions 72 218 
Species (S) 2 52185'-" Species (S) 2 8173'"'f 
A vs B, C (1) 84728** A vs B,C (0 16335** 
B vs C (1) 19439** B vs C (1) 4 
Error (a) 4 530 Error (a) 4 167 
Treatments (T) 4 6307** Treatments (T) 4 3715** 
4 vs 1,2,3,5 (1) 11035** 4 vs 1,2,3,5 (1) 67 
2,3 vs 1,5 (1) 10819** 5 vs 1,2,3 (1) 14205** 
2 vs 3 (1) 63 1 vs 2,3 (1) 562* 
1 vs 5 (1) 3307** 2 vs 3 (1) 30 
S X T 8 8685** S X T 8 636'f* 
Error (b) 24 336 Error (b) 24 104 
Harvests (H) 2 87 Harvests (H) 1 280 
S X H 4 116 S X H 2 35 
T X H 8 350 T X H 4 15 
S X T X H 16 248 S X T X H 8 81 
Error (c) 60 241 Error (c) 30 80 
^Divided by lo'. 
both experiments. Densities from this treatment were similar to spring-
sown treatments with alfalfa. Extremely high crownvetch densities resulted 
from the summer planting in Exp. I which were significantly (P<.01) 
greater than spring-planted treatments. Conversely, in the following 
experiment the summer planting resulted in significantly (P<.01) lower 
densities. 
None of the species showed a significant change in density by later 
harvests. 
Tiller Densities of Grass Species 
2 
Tiller densities (tillers/m ) of the grass species were determined 
at the times plant densities were recorded for the legume species. 
Orchardgrass densities were not recorded the year following establishment 
in Exp. I. The densities are presented in Figs. 12, 13, and 14 and Tables 
32 and 33. Analyses of variance can be seen in Tables 34 and 35. 
Tiller densities of smooth bromegrass and reed canarygrass were 
similar the year following establishment in Exp. I. Conversely, in Exp. II 
reed canarygrass produced significantly (P <[.01) more tillers than smooth 
bromegrass. In addition, the bunch-type grass, orchardgrass, developed 
significantly (P<.01) more tillers than the two rhizomatous grass species. 
In Exp. I where only the two rhizomatous species were observed, the 
species by treatments interaction was not significant. However, in Exp. II 
the interaction was significant (P<..01) among all three grass species. 
A comparison of Figs. 12, 13, and 14 shows that orchardgrass generally 
responded to the spring-sown treatments in an inverted order from the two 
rhizomatous species. 
The treatments by harvests interaction was significant (P<.01) in 
Exp. II. Treatments with lower densities- in the first harvest gained 
relative to treatments with higher densities by the second harvest. In 
Exp. I where moisture and fertility levels were lower, the interaction was 
not significant. 
In Exp. 1 treatment effects on tiller density were significant 
(-P<.05) the year following seeding for both smooth bromegrass and 
orchardgrass. With both species the summer planting produced significantly 
(P <r.05) less tillers than spring-planted treatments. Generally, an inverse 
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relationship existed between interspecies competition during establishment 
and tiller density. Harvest dates were significant (P^.Ol) for both 
species In Exp. I (Table 34). Smooth bromegrass tiller densities generally 
declined between first and second harvests and then Increased to new highs 
by the final harvest. Reed canarygrass showed a general Increase with all 
harvests (Figs. 12 and 13). 
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Table 32.  Mean densities (tillers/m ) of grass species in Exp. 1 as 
influenced by method of establishment 
T reatment 
Smooth 
bromegrass 
Reed 
canarygrass Orchardgrass Average 
Harvest 2 of seeding year^ 
Check 581 524 222 443 
A465 230 122 190 180 
C237-89 265 118 115 166 
Weeded 786 1008 283 692 
Year following seeding 
Harvest 1 
Check 933 692 811 
A465 699 646 673 
C237-89 699 721 710 
S umme r 764 341 552 
Weeded 983 750 867 
Harvest 2 
Check 814 922 869 
A465 646 578 612 
C237-89 753 696 723 
Summer 585 635 611 
Weeded 753 972 863 
Harvest 3 
Check 1159 1385 1239 
A465 972 943 958 
C237-89 997 1309 1154 
Summer 965 1022 995 
Weeded 1187 1288 1236 
Average^ 861 860 
^Mean of two replications. 
'^Year following seeding. 
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Table 33. Mean densities (tillers/m ) of grass species in Exp. II as 
influenced by method of establishment 
Treatment 
Smooth 
bromegrass 
Reed 
canarygrass Orchardgrass Average 
Harvest 2 of seedi nq year 
Check 204 531 868 536 
A465 660 534 570 588 
C237-89 194 534 710 480 
Weeded 933 1650 1553 1379 
Year fol lowing seed i nq 
Harvest 1 
Check 811 1137 1941 1296 
A465 972 900 1668 1179 
C237-89 728 911 1851 1162 
Summer 477 843 689 669 
Weeded 1004 1359 1733 1366 
Harvest 2 
Check 667 1403 1593 1221 
A465 954 1704 1711 1456 
C237-89 933 1815 1603 1450 
Summer 864 1750 1191 1270 
Weeded 1051 1890 1359 1434 
Average^ 846 . 1372 1533 
^Year following seeding. 
Less consistent treatment effects were evident in Exp. II (Table 34). 
Summer sowing resulted in significantly lower tiller production with 
smooth bromegrass and orchardgrass but not with reed canarygrass. Dif­
ferences among the spring-sown treatments were not as apparent as in 
Exp. 1. 
Reed canarygrass was the only species to show a significant increase 
between first and second harvests In Exp. II. Smooth bromegrass densities 
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Table 34. Analyses of variance for tiller densities of grass species 
during the year following seeding as influenced by method of 
establishment (1 = Check, 2 = A465, 3 = C237-89, 4 = Summer, 
and 5 = Weeded) 
Mean squares^ 
Source of Smooth Reed 
variation df bromegrass canarygrass Orchardgrass 
Exp. 1 
Repli cations 2 69 1572* 
Treatments (T) 4 948* 2219* 
4 vs 1,2,3.5 (1) 905* 4190** 
2,3 vs 1,5 (1) 2838** 3192* 
2 vs 3 (1) 98 1566 
1 vs 5 (0 2 <1 
Error (a) 8 154 351 
Harvests (H) 2 4680** 12888** 
T X H 8 94 334 
Error (b) 20 148 623 
Exp. 11 
Replicat ions 2 685 357 192 
Treatments (T) 4 1329 1281 7025** 
4 vs 1,2,3,5 (1) 2285* 408 26477** 
5 vs 1,2,3 (1) 1508 4457* 1459 
1 vs 2,3 (0 992 147 135 
2 vs 3 (1) 523 112 42 
Error (a) 8 357 803 937 
Harvests (H) 2 700 34960** 541 
T X H 8 635 1171 2031* 
Error (b) 20 480 441 424 
^Divided by 10^. 
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Table 35. Combined analyses of variance for tiller densities of grass 
species (B = Smooth bromegrass, R = Reed canarygrass, and 
0 = Orchardgrass) during the year following seeding as 
influenced by method of establishment (1 = Check, 2 = A465, 
3 = C237-89, 4 = Summer, and 5 = Weeded)^ 
Exp. I Exp. I I 
Source of 
variation df Mean squares 
Source of 
variation df Mean squares 
Rep]icat ions 2 497 Repli cat i ons 2 25 
Species (S) 1 <1 Species (S) 2 38724** 
Error (a) 2 1144 0 vs B,R (1) 35984** 
B vs R (0 41423** 
Error (a) 4 605 
Treatments (T) 4 2896** Treatments (T) 4 4902** 
4 vs 1.2,3,5 (1) 4467** 4 vs 1,2,3,5 (1) 17731** 
2,3 vs 1,5 (1) 5930** 5 vs 1,2,3 (1) 1518 
2 vs 3 (1) 1186* 1 vs 2,3 (0 343 
1 vs 5 . (0 2 2 vs 3 (1) 12 
S X T 4 270 S X T 8 2367** 
Error (b) 16 253 Error (b) 24 699 
Harvests (H) 2 15497** Harvests (H) 1 12057** 
S X H 2 2071 vov S X H 2 12072** 
T X H 8 88 T X H 4 2948** 
S X T X H 8 340 S X T X H 8 445 
Error (c) 40 385 Error (c) 30 448 
^Divided by 10^. 
remained relatively unchanged except for the summer planting where numbers 
increased. Spring-sown treatments of orchardgrass tended to decrease 
during this period while the summer planting increased. This differential 
response is seen in the significant treatments by harvests interaction 
(Table 34). 
Root Weights of Legume Species 
2 
Dry root weights (g/m ) of the three legume species are shown in 
Figs. 15, 16, and 17 and Tables 36 and 37. Analyses of variance are 
presented in Tables 38 and 39. In general, alfalfa root weights per 
unit area were greater, and crownvetch and birdsfoot trefoil root weights 
were lower in Exp. I than Exp. II. During the year following extablish-
ment, root weights of alfalfa were significantly (P<.01) greater than 
birdsfoot trefoil and crownvetch in both experiments (Table 39). Birds-
foot trefoil root weights were greater than crownvetch in both experiments 
but only significantly so in Exp. II. The species by treatments inter­
action was significant (P<.01) in Exp. I which probably was a result of 
relatively greater root weights of summer-sown crownvetch compared to 
the other species. This treatment resulted in crownvetch weights exceeded 
only by the weeded treatment. Conversely, lowest birdsfoot trefoil and 
alfalfa root weights resulted with this treatment. 
As can be seen from Table 38, treatment effects on root weights were 
similar to the effects on forage yields (compare Table 14). Generally, 
interspecies competition had a greater effect on root weights than on 
forage yields during the year following seeding, especially in Exp. II. 
There was little increase in root weights of the legumes between 
June and July in either Exp. I or II. Some of the heavier treatments 
showed a loss of weight during this period. Increases were noted between 
second and third harvests in Exp. I (Figures. 15, 16, and 17). Except 
for crownvetch in Exp. I, treatments by harvests interactions were not ^ 
significant (Table 38). This indicates a general inability of treatments 
with lighter root weights to significantly gain relative to treatments 
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Table 36. Mean dry root weights (g/m ) of legume species in Exp. I as 
influenced by method of establishment 
T reatment Birdsfoot trefoil Alfalfa Crownvetch Average 
Harvest 2 of seedi a ng year 
Check 7.5 104.7 6.1 39.5 
A465 2.5 39.8 1.4 14.7 
C237-89 2.2 29.4 3.9 11.9 
Weeded 41.6 89.7 29.1 53.4 
Year following seeding 
Harvest 1 
Check 10.8 138.8 6.8 52.0 
A465 5.7 84.3 4.3 31.5 
C237-89 7.9 98.6 7.2 38.0 
Summer 0.7 30.8 12.2 14.5 
Weeded 48.4 153.2 37.3 79.7 
Harvest 2 
Check 22.6 111.2 18.3 50.7 
A465 15.1 104.7 14.3 44.6 
C237-89 18.7 110.5 16.1 48.5 
Summer 4.3 54.9 20.8 26.8 
Weeded 46.6 163.9 26.5 79.0 
Harvest 3 
Check 64.6 242.8 25.8 111.1 
A465 44.1 178.6 21.2 81.4 
C237-89 36.9 199.4 23.0 86.5 
Summer 15.1 132.4 48.8 65.6 
Weeded 79.3 261.9 75.0 138.6 
Average^ 28.1 137.7 23.9 
^Mean of two replications. 
Year following seeding. 
87 
Table 37. Mean dry root weights (g/m ) of legume species in Exp. II as 
influenced by method of establishment 
Treatment Birdsfoot trefoil Alfalfa Crownvetch Average 
Check 
A465 
C237-89 
Weeded 
Check 
A465 
C237-89 
Summer 
Weeded 
Check 
A465 
C237-89 
Summer 
Weeded 
Average' 
3.2 
1 . 8  
2.9 
38.7 
1 3 . 6  
2 7 . 6  
25.8  
1 . 8  
79.6 
19.0 
21.5 
15.4 
2 . 2  
56.3 
26.3 
Harvest 2 of seeding year 
1 2 . 6  
29.4 
22 .6  
92.9 
1 . 8  
6.5 
2 . 2  
Si.3 
Year following seeding 
Harvest 1 
45.6 
76.0 
80.7 
35.9 
124.5 
11.8 
29.4 
25.1 
2 . 2  
63.5 
Harvest 2 
6 2 . 1  
73.5 
72.5 
57.4 
129.1 
75.0 
8.3 
9.7 
1 1 . 8  
3.6 
44.1 
20.9 
6 . 0  
12.5 
9.6 
6 1 . 1  
2 3 . 6  
44.3 
41.5 
1 3 . 2  
89.1 
29.9 
34.9 
33.3 
21.0  
76.5 
Year following seeding. 
with heavier root weights by later harvests. 
Mean dry root weights of individual legume plants the year following 
seeding are presented in Table 40. The data indicate that regardless of 
plant size at the time of first harvest, there was a tendency for treat­
ments with lower plant densities to develop heavier root weights per plant 
by later harvests. There were no significant changes in plant densities 
with harvests in either experiment (Table 31). Thus, the root weights 
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Table 38. Analyses of variance for dry root weights of legume species 
during the year following seeding as influenced by method of 
establishment (1 = Check, 2 = AkS5, 3 = C237-89, 4 = Summer, 
and 5 = Weeded) 
Mean squares 
auu 1 V.C w 1 
variation df Birdsfoot trefoil Alfalfa Crownvetch 
Exp. 1 
Repli cat ions 2 271 1 187 343 
Treatments (T) 4 3300** 19036** 1686'Wf 
4 vs 1,2,3,5 (0 5073** 47428** 133 
2,3 vs 1,5 (1) 5200** 21900** 2668** 
2 vs 3 (1) 1 875 21 
1 vs 5 (1) 2920** 13729* 3894*)'; 
Error (a) 8 94 1291 99 
Harvests (H) 2 4645** 48315*^ 'f 2610** 
T X H 8 196 297 272** 
Error (b) 20 91 765 37 
Exp. 11 
Repli cat ions 2 273 178 230 
Treatments (T) 4 3672** 5903** 2305** 
4 vs 1,2,3,5 (1) 4420** 6020** 2477** 
5 vs 1,2,3 (1) 10068** 15975** 6420** 
1 vs 2,3 (0 157 1603 315 
2 vs 3 (1) 44 10 2 
Error (a) 8 61 307 61 
Harvests (H) 2 344 467 876** 
T X H 8 184 173 134 
Error (b) 20 1 1 1  217 49 
2 (g/m ) of less dense treatments gained relative to more dense treatments. 
When the analysis of variance of dry root weights was combined over the 
three species, the treatments by harvests interaction was only signifi­
cant (P<.05) in Exp. II (Table 39). 
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Table 39. Combined analyses of variance for dry weights of roots 
from legume species (B = Birdsfoot trefoil, A = Alfalfa, and 
C = Crownvetch) during the year following seeding as influenced 
•by method of establishment (1 = Check, 2 = A465, 3 = C237-89, 
4 = Summer, and 5 = Weeded) 
Exp. I Exp. I I 
Source of 
variation df Mean squares 
Source of 
variation df Mean squares 
Repl1 cat ions 2 1029 Replications 2 648** 
Species (S) 2 187585— Species (S) 2 26585** 
A vs B,C ( 1 )  374558** A vs B,C ( 1 )  52734*-^-
B vs C ( 1 )  347 B vs C (0 440* 
Error (a) 4 425 Error (a) 4 16 
Treatments (T) 4 15276** Treatments (T) 4 11403** 
4  vs 1 , 2 , 3 , 5  ( 1 )  25888** 4 vs 1,2,3,5 ( 1 )  12520** 
2 , 3  v s  1 , 5  (0 24512** • 5  v s  1 , 2 , 3  (0 31377** 
2 vs 3 (0 386 1  v s  2 , 3  ( 1 )  I651** 
1 vs 5 ( 1 )  10294** 2 vs 3 ( 1 )  4 
S X T 8 4072** S X T 8 239 
Error (b) 24 507 Error (b) 24 143 
Harvests (H) 2 38l64VrA- Harvests (H) 1 234 
S X H 4 8703** S X H 2 726** 
T X H 8 338 T X H 4 408* 
S X T X H 16 3 1 1  S X T X H 8 42 
Error (c) 60 304 Error (c) 30 1 2 6  
Root-Rhizome Weights of Grass Species 
2 
Dry weights of root-rhizomes (g/m ) of the grass species are shown 
in Figs. 18, 19, and 20 and Tables 41 and 42. Analyses of variance are 
presented in Tables 43 and 44. 
Root-rhizome weights were much greater in Exp. II than Exp. !. In 
Exp. I during the year following seeding, weights per unit area of smooth 
bromegrass and reed canarygrass were similar. In Exp. II reed canarygrass 
had significantly (P<.05) greater weights than smooth bromegrass. 
Table 40. Mean dry root weights (mg/plant) of legume species during the year following seeding as 
Influenced by the method of establishment. 
Birdsfoot trefoil Alfalfa , Crownvetch 
Harvest Harvest Harvest 
Treatment 12 3 12 3 12 3 
Exp. I 
Check 189 263 778 461 431 690 86 183 287 
A465 228 280 938 351 379 889 91 199 326 
C237-89 184 374 1025 348 411 977 118 215 354 
Summer 50 172 472 114 312 576 27 55 119 
Weeded 375 431 650 455 412 768 208 2 1 7  652 
Exp. 11 
Check 349 576 723 575 407 296 
A465 552 377 745 639 626 231 
C237-89 416 217 740 659 661 207 
Summer 106 96 204 250 85 124 
Weeded 692 443 500 561 504 281 
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Orchardgrass had the lowest weights of the three grasses in Exp, II. 
In Exp. I smooth bromegrass and reed canarygrass responded similarly 
to the treatments. This is reflected in lack of significance of the 
species by treatments interaction (Table 44). The summer-sown treatment 
had significantly lower weights than spring-sown treatments. However, as 
can be seen from Figs. 18 and 19, by the last two harvests the summer 
treatment of both species In Exp. I had similar root-rhizome weights to 
swards established with oat companions. Generally, treatment effects on 
root-rhizome weights followed a similar pattern in Exp. I to the effects 
on forage yields. 
Significant (P<.01) increases in weights of both species in Exp. I 
sk 
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Table 41. Mean dry root-rhizome weights (g/m ) of grass species in Exp. I 
as influenced by method of establishment 
T reatment 
Smooth 
bromegrass 
Reed 
canarygrass Orchardgrass Average 
Check 
A465 
C237-89 
Weeded 
83 
13 
19 
113 
Harvest 2 of seeding year* 
50 
9 
18 
217 
31 
10 
9 
39 
55 
10  
15 
123 
Check 
A465 
C237-89 
Summer 
Weeded 
223 
94 
109 
51 
285 
Year following seeding 
Harvest 1 
126 
89 
112 
25 
185 
175 
91 
110 
38 
235 
Harvest 2 
Check 
A465 
0237-89 
Summer 
Weeded 
Check 
A465 
C237-89 
Summer 
Weeded 
243 
103 
106 
102 
300 
316 
154 
190 
200 
377 
173 
72 
100 
92 
229 
Harvest 3 
392 
209 
323 
200 
358 
208 
88 
103 
97 
265 
354 
182 
274 
200 
367 
Average 190 181 
^Mean 
'^ Year 
of two replications, 
fol lowing seeding. 
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Table 42. 
Treatment 
2 
Mean dry root-rhizome weights (g/m ) of grass species in Exp. 
as influenced by method of establishment 
Smooth 
bromegrass 
Reed 
canarygrass Orchardgrass Average 
Check 
A465 
C237-89 
Weeded 
Check 
A465 
C237-89 
S umme r 
Weeded 
Check 
A465 
C237-89 
Summer 
Weeded 
Average* 
1 0  
33 
9 
140 
150 
335 
170 
33 
604 
126 
216 
168 
103 
421 
232 
Harvest 2 of seeding year 
26 
20 
23 
266 
25 
1 6  
20 
119 
Year following seeding 
Harvest 1 
331 
325 
301 
48 
837 
Harvest 2 
226 
332 
282 
108 
456 
324 
214 
225 
211 
25 
365 
237 
246 
203 
72 
292 
209 
2 1  
19 
35 
175 
232 
295 
227 
36 
602 
195 
265 
218 
94 
390 
Year following seeding. 
occurred by the later harvests with the majority occurring between second 
and third harvests. 
During the year following seeding in Exp. II, the summer-sown treat­
ments of the three species had significantly (P<.01) lower root-rhizome 
weights than spring-sown treatments. Weeded treatments were significantly 
(P<.01) greater than the remaining spring-sown treatments (Table 43). 
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Table 43. Analyses of variance for dry root-rhizome weights of grass 
species during the year following seeding as influenced by 
methods of establishment (1 = Check, 2 = A465, 3 = C237-89, 
4 = Summer, and 5 = Weeded) 
Mean squares 
Source of Smooth Reed 
variation df bromegrass canarygrass Orchardgrass 
Exp. 1 
Replicat ions 2 4259 19674* 
Treatments (T) 4 80200** 38948VwV 
4 vs 1,2,3,5 (1) 59291** 64206** 
2,3 vs 1,5 (1) 243997** 68105** 
2 vs 3 (0 1390 20034* 
1 vs 5 (1) 16161 3242 
Error (a) 8 4838 • 3577 
Harvests (H) 2 37958** 170205** 
T X H 8 901 4542 
Error (b) 20 1956 4709 
Exp. 1 1 
Replicat ions 2 16896 4192 4206 
Treatments (T) 4 180566** 25I474VOV 61814** 
4 vs 1,2,3,5 (1) 202288** 454592** 193842** 
5 vs 1,2,3 (1) 456579** 542962** 50857** 
1 vs 2,3 (1) 28218 4399 91 
2 vs 3 (1) 35139 4079 2471 
Error (a) 8 14411 3948 1477 
Harvests (H) 2 19918* 58875** 39 
T X H 8 14907* 45748** 3155 
Error (b) 20 4334 1437 3871 
Interspecies competition had a much greater effect on subsequent root-
rhizome weights than on forage yields in this experiment. 
As can be seen from Figs. 18, 19, and 20, weeded treatments of all 
three species in Exp. I I showed considerable decrease in weight between 
first and second harvests. The other spring-sown treatments indicated 
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Table 44. Combined analyses of variance for dry weights of root-rhizome 
weights from grass species (B = Smooth bromegrass, R = Reed 
canarygrass, and 0 = Orchardgrass) during the year following 
seeding as influenced by method of establishment (1 = Check, 
2 = A465, 3 = C237-89, 4 - Summer, and 5 = Weeded) 
Exp. 1^ Exp. I  I  
Source of Source of 
variation df Mean squares var iation df Mean squares 
Replicat ions 2 16483 Replicat ions 2 10344 
Species (S) 1 1776 Species (S) 2 111007* 
Error (a) 2 7450 0 vs B,R ( 1 )  95460* 
B vs R ( 1 )  126481* 
Error (a) 4 7475 
Treatments (T) 4 110373^ «-'« Treatments (T) 4 439246** 
4 vs 1,2,3.5 ( 1 )  123806** 4 vs 1,2,3,5 ( 1 )  815753** 
2,3 vs 1,5 ( 1 )  285364** 5 vs 1,2,3 ( 1 )  894403** 
2 vs 3 ( 1 )  16122 1 vs 2,3 ( 1 )  16845 
1 vs 5 ( 1 )  17242 2 vs 3 ( 1 )  30055* 
S X T 4 8775 S X T 8 27303** 
Error (b) 16 4207 Error (b) 24 6612 
Harvests (H) 2 184307** Harvests (H) 1 47515** 
S X H 2 23855** S X H 2 15658* 
T X H 8 3140 T X H 4 45269** 
S X T X H S 2303 S X T X H 8 9270* 
Error (c) 40 3333 Error (c) 30 3214 
^Smooth bromegrass and reed canarygrass only.  
l i t t le change whi le the summer t reatments increased in weight during the 
same period. This di f ferent ial  response is ref lected in signif icant treat '  
ments by harvests interact ions for smooth bromegrass and reed canarygrass. 
The interact ion was not s ignif icant for orchardgrass. 
Average root-rhizome weights per t i l ler the year fol lowing seeding of 
the three grass species are shown in Table 45. The data are variable but,  
general ly,  weeded treatments had greatest weights per t i l ler whi le the 
summer t reatments resulted in lowest weights. 
Table 45. Mean dry root-rhizome weights (mg/til 1er) of grass species during the year following 
seeding as influenced by method of establishment 
Smooth bromeqrass Reed canaryqrass Orchardqrass 
Harvest Harvest Harvest 
Treatment 12 3 12 3 12 3 
Exp. 1 
Check 239 298 273 182 188 283 
A465 135 160 158 137 125 222 
0237-89 156 140 190 155 144 247 
Summer 67 175 207 73 145 196 
Weeded 290 399 318 247 235 278 
Exp. 11 
Check 185 188 291 161 111 149 
A465 345 227 361 195 135 144 
C237-89 233 180 331 156 114 127 
Summer 70 119 57 61 36 60 
Weeded 601 400 247 241 210 216 
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Carbohydrate Levels 
Legume species 
Carbohydrate levels of the legume roots are presented in Figs. 21, 
22, and 23 and Tables 46 and 47. Analyses of variance are given in 
Tables 48 and 49. During the year following seeding in both experiments, 
alfalfa had significantly (P<.01) higher carbohydrate levels than birds-
foot trefoil or crownvetch. Crownvetch levels were significantly (P<.01) 
greater than birdsfoot trefoil. 
Generally, the three species followed a common pattern of relatively 
high levels during the final harvest of the seeding year followed by 
lower levels at the time of the next two harvests. By the final harvest 
of Exp. 1, the levels were near those of the previous vear. Levels in 
Exp. I were normally higher than comparable levels in Exp. II. 
Species by treatments interact ions were s ignif icant in both experi­
ments (Table 49). Most of  the di f ference of treatments appears to have 
been associated with the summer plant ing which did not respond uniformly 
with all species (Figs. 21, 22, and 23). 
With the exception of crownvetch in Exp. I, weeded treatments had 
highest carbohydrate levels the seeding year. When the three species 
were combined the year following seeding in Exp. I, weeded-treatment 
levels were significantly (P<.01) lower than the check. Normally, swards 
that were subjected to greater interspecies competition during establish­
ment had higher carbohydrate levels. The levels of the summer treatment 
were significantly (P <.01) higher than those of the spring-sown treat­
ments (Table 49). 
EXP. I  
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Fig. 21. Carbohydrate levels In roots of birdsfoot trefoil as influenced 
by method of establishment 
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Fig. 23. Carbohydrate levels in roots of crownvetch as inf luenced by 
method of establ ishment 
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Table 46. Carbohydrate levels (%) in roots of legume species in Exp. I 
as influenced by method of establishment 
Treatment BIrdsfoot trefoil Alfalfa Crownvetch Average 
Harvest 2 of seeding year^ 
Check 19.3 41.6 32.6 31.2 
A465 16.5 40.7 30.7 29.3 
0237-89 14.3 39.8 28.9 27.6 
Weeded 19.7 41.8 28.6 30.0 
Year fol lowing seed i nq 
Harvest 1 
Check 7.3 29.9 • 9.0 15.4 
A465 9.0 26.8 1 1.2 15.7 
C237-89 7.5 29.0 12.1 16.2 
Summer 15.7 21.1 12.0 16.3 
Weeded 4.3 28.2 9.7 14.1 
Harvest 2 
Check 8.6 24.6 14.7 16.0 
A465 7.1 24.7 17.1 16.3 
C237-89 8.0 24.5 16.8 16.4 
Summer 7.6 31.5 17.8 19.0 
Weeded 6.7 22. 1 11.1 13.3 
Harvest 3 
Check 19.3 38.9 25.5 27.9 
A465 19.6 41.3 25.0 28.6 
0237-89 17.5 40.9 27.3 28.6 
Summer 23.8 40.3 33.1 32.4 
Weeded 18.5 36.3 24.6 26.4 
Average^ 12.0 30.7 17.8 
^Mean of two replicat ions. 
'^ Year following seeding. 
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Table 47. Carbohydrate levels {%) in roots of legume species in Exp. 11 
as influenced by method of establishment 
T reatment Birdsfoot trefoil A1falfa Crownvetch Average 
Harvest 2 of seeding year 
Check 13.2 35.8 27.3 25.4 
A465 15.0 34.3 31.9 27.1 
C237-89 17.6 34.9 29.6 27.4 
Weeded 16.8 36.5 30.7 28.0 
Year fol lowing seed i ng 
Harvest 1 
Check 4.3 24.1 11.3 13.2 
A465 3.7 27.8 14.6 15.4 
C237-89 4.0 27.2 12.2 14.4 
Summer 3.7 18.9 10.0 10.9 
Weeded 4.5 25.2 12.1 13.9 
Harvest 2 
Check 1.1 24.0 10.6 11.9 
A465 1.0 25.9 10.0 12.3 
C237-89 0.9 24.3 9.1 11.5 
Summer 1.1 23.2 12.4 12.2 
Weeded 0.8 21.3 11.2 11.1 
Average^ 2.5 24.2 11.4 
^Year fol lowing seedi ng. 
Much less significance was evident in Exp. 11. The summer -sown treat-
ment had significantly (P <.01) lower levels than the spring-sown treatments. 
Grass species 
Carbohydrate levels of root-rhizomes from smooth bromegrass and reed 
canarygrass, and stem bases of orchardgrass are presented in Figs. 24, 25, 
and 26 and Tables 50 and 51• Analyses of variance are shown in Tables 52, 
and 53. Generally, at the time of first determination in late summer of 
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Table 48. Analyses of variance for carbohydrate levels of legume species 
during the year following seeding as influenced by method of 
establishment (1 = Check, 2 - A465, 3 = C237-89, 4 = Summer, 
and 5 = Weeded) 
Source of Mean squares 
variation df Birdsfoot trefoil Alfalfa Crownvetch 
Exp. 1 
Replicat ions 2 0.1 6.4 8.8 
Treatments (T) 4 43.9— 9.5 45.1** 
4 vs 1,2,3,5 (1) 152.4vcvf 1.2 115.2** 
2.3 vs 1,5 (1) 4.4 13.0 56.3** 
2 vs 3 (1) 3.6 1.6 0.8 
1 vs 5 (1) 16.2* 21.8* 7 . 6  
Error (a) 8 2.4 2.5 5.2 
Harvests (H) 2 671.7** 888.7** 1057.0** 
T X H 8 14.8 • 38.5** 10.1 
Error (b) 20 8.7 4.4 4.2 
Exp. 11 
Repli cations 2 1.1 6 . 5  3.4 
Treatments (T) 4 0.1 30.4* 2.5 
4 vs 1,2,3,5 (1) 0.1 74.5** 0.2 
2,3 vs 1,5 (1) 0.1 23.7* 0.5 
2 vs 3 (0 0.3 1 9 . 8  I.I 
1 vs 5 (1) 0^. 1 3.5 8.2 
Error (a) 8 0.8 4.4 4.2 
Harvests (H) 2 69.0** 5.7 14.0 
T X H 8 0.3 15.2 10.4 
Error (b) 20 1.5 11.3 5.5 
the seeding year , levels of the weeded treatment were higher than other 
treatments in both experiments. Seasonal trends were similar to the 
legume species. Reed canarygrass carbohydrate levels were significantly 
(P <.05) higher than smooth bromegrass in both experiments. During first 
and second harvests of the year following seeding, smooth bromegrass 
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Table 49. Combined analyses of variance for carbohydrate levels of legume 
species (B = Birdsfoot trefoil, A = Alfalfa, and C = Crownvetch) 
during the year following seeding as influenced by method of 
establishment (1 = Check, 2 = A465, 3 = C237-89, 4 = Summer, 
and 5 = Weeded) 
Exp. I  Exp. I  I  
Source of 
variation df Mean squares 
Source of 
variation df Mean squares 
ReplI cations 2 9.6 Replicat ions 2 5.9 
Species (S) 2 41 .Ov«v Species (S) 2 3558.5** 
A vs B,C (1) 7451.5** A vs B, C (0 5944.4*-« 
B vs C (1) 752.4** B vs C (1) 1172.2** 
Error (a) 4 2.8 Error (a) 4 2.6 
Treatments (T) 4 73. 2*~v Treatments (T) 4 12.3* 
4 vs 1,2,3,5 (1) 190.9** 4 vs 1,2,3,5 (1) 29.1*-'f 
2,3 vs 1,5 (1) 57.1** 5 vs 1,2,3 (1) 4.9 
2 vs 3 (1) 0.6 1 vs 2,3 (1) 8.3 
1 vs 5 (0 43.7** 2 vs 3 (1) 7.0 
S X T 8 12.7** S X T 8 10. 4* 
Error (b) 24 3.4 Error (b) 24 3.1 
Harvests (H) 2 2510.8** Harvests (H) 1 69.5** 
S X H 4 53.3** S X H 2 9.6 
T X H 8 7.0 T X H 4 15.8 
S X T X H 16 28.1** S X T X H 8 5.0 
Error (c) 60 5.8 Error (c) 30 6.1 
levels were lower in Exp. I than Exp. 11 while the levels of reed canary-
grass were s imilar. 
When smooth bromegrass and reed canarygrass were combined in Exp, I, 
treatment effects were not significant (Table 53). However, as can be 
seen in Figs. 24 and 25, there was a tendency for sward;; established 
under conditions of greater interspecies competition to have higher 
carbohydrate levels. For both species the summer-sown treatment had the 
lowest levels during the first harvest of the year following seeding. At 
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Fig. 2k. Carbohydrate levels in root-rhizomes of smooth bromegrass as 
inf luenced by method of establ ishment 
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Fig. 25. Carbohydrate levels in root-rhizomes of reed canarygrass as 
inf luenced by method of establ ishment 
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Fig. 26. Carbohydrate levels in stem bases of orchardgrass as influenced 
by method of establishment 
At later harvests, however, this treatment had the highest levels (Figs. 
2k and 25). This differential response is seen as a significant (P <..01) 
treatments by harvests interaction for smooth bromegrass (Table 52). 
When the three species were combined in Exp. II, treatment effects 
were significant (P<.01) (Table 53). The only significant comparison 
was the summer-planted versus spring-planted treatments. Carbohydrate 
levels of the summer-sown treatment were significantly (P <..01) lower 
than those of remaining treatments. However, this treatment was closer 
to the average of the other treatments by the second harvest. This 
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Table 50. Carbohydrate levels (%) in root-rhizomes or stem bases of grass 
species in Exp. 1 as influenced by method of establishment 
Treatment 
Smooth 
bromegrass 
Reed 
canarygrass Orchardgrass Average 
Harvest 2 of seeding year' 
Check 
AkSS 
C237-89 
Weeded 
Check 
A465 
C237-89 
Summer 
Weeded 
Check 
A465 
C237-89 
Summer 
Weeded 
Check 
A465 
C237-89 
Summer 
Weeded 
1 1 . 2  
10.3 
11.7 
13.0 
5.6 
4.5 
5.4 
2.9 
7.2 
7.2 
8 . 0  
8.3 
9.1 
7.5 
9.2 
10.3 
10.5 
10.7 
10.0 
13.9 
9.5 
10 .6  
14.7 
17.7 
22.5 
22 .0  
2 2 . 1  
Year following seeding 
Harvest 1 
8 . 2  
8 . 1  
6.9 
6.7 
8.4 
Harvest 2 
11.3 
13.5 
8.7 
1 3 . 6  
8.9 
Harvest 3 
19.5 
22.9 
22.5 
22.9 
17.8  
16.6 
14.3 
14.1 
14.8 
16.6 
6.9 
6.3 
6 . 2  
4.8 
7.8 
9.3 
10.7 
8.5 
11.3 
8 . 2  
14.3 
16.6 
16:5 
16.8  
13.9 
Average 7.8 13.3 
a 
Mean 
^Year 
of two replications, 
fol lowing seeding. 
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Table 51. Carbohydrate levels (%) in root-rhizomes or stem bases of grass 
species in Exp. 11 as influenced by method of establishment 
T reatment 
Smooth 
bromegrass 
Reed 
canarygrass Orchardgrass Average 
Harvest 2 of seeding year 
Check 7.6 9.7 23.3 13.5 
A465 10.8 9.0 19.7 13.2 
C237-89 10.0 9.1 21.4 13.5 
Weeded 11.1 14.4 23.5 16.3 
Year following seed i nq 
Harvest 1 
Check 4.5 14.9 11.9 10.4 
A465 3.4 13.1 12.1 9.6 
C237-89 5.5 12.2 14.1 10.6 
S umme r 2.8 8.7 7.2 6.3 
Weeded 5.9 8.0 10.5 8.1 
Harvest 2 
Check 2.0 9.5 5.7 5.7 
A465 1.8 7.1 6.9 5.8 
C237-89 1.9 8.7 8.1 6.2 
Summer 2.1 7.9 6.1 5.4 
Weeded 2.6 9.6 5.7 6.0 
Average^ 3.3 10.0 8.8 
^Year following seeding. 
response contributed to the significant (P <.01) treatments by harvests 
interact ion. 
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Table 52. Analyses of variance for carbohydrate levels of grass species 
during the year fol lowing seeding as inf luenced by method of 
establ ishment (1 = Check, 2 = A465, 3 = C237-89, 4 = Summer, 
and 5 = Weeded) 
Mean squares 
Source of Smooth Reed 
var iat ion df bromegrass canarygrass Orchardgrass 
Exp. 1 
Repl icat ions 2 0.5 36.0* 
Treatments (T) 4 1.3 14.3 
4 vs 1,2,3,5 (I) 0.3 13.1 
2,3 vs 1,5 (1) 0.1 17.6 
2 vs 3 (1) 1.1 19.8 
1 vs 5 (1) 3.6 7.6 
Error (a) 8 0.9 5.9 
Harvests (H) 2 94.3** 728.2** 
T X H 8 4.4>'<* 10.3 
Error (b) 20 0.8 6.4 
Exp. 11 
Rep 1i  cat ions 2 1.4 9.1 7.8 
Treatments (T) 4 3.4 14.0 16.4* 
4 vs 1,2,3,5 (0 4.9 20.3 35.7* 
2,3 vs 1,5 (0 5.0 20.4 13.1 
2 vs 3 (1) <0.1 15.0 9.4 
1 vs 5 (1) 3.5 0.4 7.4 
Error (a) 8 3.0 5.4 4.3 
Harvests (H) 2 40.6** 59.9** 164.3** 
T X H 8 2.1 15.5** 6.2 
Error (b) 20 1.5 2.3 5.3 
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Table 53. Combined analyses of variance for carbohydrate levels of grass 
species (B = Smooth bromegrass, R = Reed canarygrass, and 0 = 
Orchardgrass) during the year following seeding as influenced 
by method of establishment (1 = Check, 2 = A465, 3 = C237-89, 
4 = Summer, and 5 = Weeded) 
Exp. 1^ Exp. I I 
Source of 
variation df Mean squares 
Source of 
variation df Mean squares 
Repli cat ions 2 19.8 Replicat ions 2 11.4 
Species (S) 1 694.6" Species (S) 2 387.0** 
Error (a) 2 16.7 0 vs B,R (1) 98.1** 
B vs R (1) 675.4-A-v 
Error (a) 4 3.5 
Treatments (T) 4 5.0 Treatments (T) 4 18.7** 
4 vs 1,2,3,5 (1) 4.1 4 vs 1,2,3,5 (1) 53.5** 
2,3 vs 1,5 (1) 9.7 5 vs 1,2,3 (1) 11.7 
2 vs 3 (1) 6.2 1 vs 2,3 (1) 0.3 
1 vs 5 (1) 0.3 2 vs 3 (0 9.2 
S X T 4 10.5* S X T 8 7.5 
Error (b) 16 3.4 Error (b) 24 4.2 
Harvests (H) 2 657.1** Harvests (H) 1 241.7** 
S X H 2 165.5** S X H 2 11.5* 
T X H 8 12.5** T X H 4 12.5** 
S X T X H 8 2.1 S X T X H 8 5.7 
Error (c) 40 3.6 Error (c) 30 3.0 
^Smooth bromegrass and reed canarygrass only. 
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DISCUSSION 
Radiation Under Canopies 
In Exp. 1 where competition from weeds was light, greater radiation 
under C237-89 compared to A465 resulted in a 12% increase in yields of 
undersown forages (Table 5). In addition, there was an associated 12% 
increase in weed growth. However, yields were so low that the average 
forage increase was only 19 kg/ha. The following year no statistical 
difference was evident between yields of forages established with the two 
companions (Tables 17 and 27). 
Severity of weed competition was much greater in Exp. II. Pennsylvania 
smartweed, which was the principal species, is a vigorous, rapidly devel­
oping plant. When allowed to grow undisturbed, it can develop a canopy 
that will exclude most radiation. Levels as low as 0.1% of incident 
radiation occurred under natural weed growth of the check (Table 3). 
Weed growth was deterred more by A465 than C237-89 in Exp. I I because 
of less available energy under its canopy during early growth stages. 
Consequently, at later dates substantially more weed growth was associated 
with C237-89 than A465 resulting in lower radiation levels under C237-89. 
Even though significantly (P<.01) more radiation was available to forages 
sown under A465, only a 7% increase in average yield resulted. The effect 
did not persist the next year. There were no significant differences in 
yields of forages established with the two companions (Tables 17 and 27). 
Similar first-harvest yields were obtained from undersown forages in 
both experiments even though radiation levels in Exp. II were often less 
than 10% of low levels in Exp. 1 (Table 5). This comparison suggests 
1 1 4  
factors In addition to solar energy were responsible for limiting yields 
under oat canopies in Exp. I. Moisture was considered to be nearly adequate 
in both experiments prior to oat removal. The fertility level, however, 
was low in Exp. I. Competition for nutrients in addition to competition 
for solar energy must have been responsible for limiting yields of under-
sown forages in Exp. I. 
The forage species survived extreme shading in Exp. il much better 
than would be expected. For approximately 1 month the levels were well 
below 2.0% and generally below 1.0% of incident radiation. Undoubtedly, 
had such intense shading been extended, survival would have been greatly 
reduced. Dibbern (194?) found smooth bromegrass receiving 5.0% of incident 
radiation did not survive for 1 year. 
Santhirasegaram and Black (1965) implied that companion crops which 
develop canopies allowing greater penetration of solar energy are more 
suitable. The results of the current investigation failed to confirm 
their observation. When first production year yields are considered for 
a year of light weed competition (Exp. I) or a year of heavy weed compe­
tition (Exp. 11), there is no advantage apparent to the oat companion 
which allowed greater radiation penetration through its canopy. This 
investigation has shown that only when natural weed competition for solar 
energy is less severe that the competition from a less-dense oat companion 
will allow more radiation to undersown forages. However, when natural 
weed competition is greater than that of oats, the combined weed and oat 
canopy of a companion with a less-dense canopy will exclude more radiation 
than the combined weed and oat canopy of a companion with a more-dense 
canopy. 
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An extension of this observation suggests that when moisture and 
nutrients are adequate and weed competition for solar energy is great, 
higher seeding rates of oat companions will be more effective in deterring 
early weed growth, thereby allowing greater penetration of radiation to 
undersown forages at later dates. Bula et al. (1954) found greater weed 
ingress ion from lower seeding rates of the companion which nullified the 
original advantage for allowing penetration of solar energy to undersown 
V 
forages. 
Forage  Y ie ld s  
The generally higher yields during the year following seeding in 
Exp. 11 resulted from a better moisture supply and higher fertility 
levels. The amount of N applied to the grass species during this period 
was 101 kg/ha in Exp. I and 202 kg/ha in Exp. I I. In addition to less N 
being applied in Exp. I, the majority (67 kg/ha) was not applied until 
after the second harvest. Soil moisture was limiting after the nitrogen 
was applied and the response was small. 
Yields of birdsfoot trefoil and crownvetch in Exp. I for a similar 
period were low, especially aftermath production. The plants developed 
a pale-green color, typical of nitrogen deficiency. Conversely, alfalfa 
grew vigorously in Exp. I but appeared to lack vigor in Exp. II. In 
contrast to the other species, alfalfa did not respond to higher moisture 
and nutrient availability of that experiment. 
As Moore (1958) indicated even with high rates of inoculum, it is 
common that poor nodulation of birdsfoot trefoil occurs when established 
for the first time on a site. A similar problem may exist with crownvetch. 
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especially with conditions of low soil fertility and pH. Hawk and Shrader 
(1964) and McKee and Lang il le (I967) indicated that crownvetch requires a 
near-neutral pH with high levels of P and K for rapid seedling growth and 
high yields. 
The yielding capacity of crownvetch is similar to birdsfoot trefoil 
but much less than alfalfa. Alfalfa seedlings were relatively more 
productive than the other legumes when interspecies competition was present. 
These results are in agreement with those of Blaser et al. (1956) where 
alfalfa was rated as very aggressive and birdsfoot trefoil as nonaggressive. 
Similar first production year yields were obtained with the three 
grass species. Smooth bromegrass during the year following seeding had 
much higher first harvest yields but poorer aftermath production than the 
other species. Seedling vigor of reed canarygrass appeared to be similar 
to smooth bromegrass and orchardgrass in contrast to the ratings of 
Blaser et al. ibid. 
Treatment effects the year following seeding were more evident in 
Exp. 1 than Exp. I I. This is unexpected considering the extreme inter­
species competition the forages received during establishment in Exp. I I. 
it is apparent that these species can rapidly recover with adequate 
moisture and fertility. Yields within each experiment were indirectly 
related to intensity of interspecies competition received during establish­
ment. Notable exceptions were weeded treatments of crownvetch and orchard-
grass in Exp. I I. With orchardgrass there was little difference in yields 
among spring-sown treatments. First-harvest production during the year 
following seeding of crownvetch established by weeding was higher than the 
other treatments. However, aftermath production was relatively low. 
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Apparently, the 5.7-cm (2.25-inch) cutting height was low enough to 
adversely effect the larger plants in this treatment. Seim (1966) found 
greater aftermath production of crownvetch when cut at a 15-cm (6-inch) 
than a 5-cm (2-inch) height. 
Summer sowing after harvesting a fast-developing, cash crop can be 
a suitable method of establishing the forages tested except for birdsfoot 
trefoil. Contradicting results were obtained with crownvetch and further 
investigation is required. As was shown in Exp. 1, orchardgrass is the 
least winter hardy of the six forage species. It is probable that summer-
sown plants of this species would be less likely to survive severe winters 
than spring-sown plants. However, such was not demonstrated to be the case 
in Exp. 1. 
Summer-sown alfalfa, smooth bromegrass, reed canarygrass, and orchard-
grass always yielded considerably more the first production year than 
during the seeding year when established by weeding. Undoubtedly, a 
greater possibility of stand failure exists when planting at this time 
because of lack of moisture. However, rainfall was well below normal both 
prior to and following the summer planting in both experiments. Thus, good 
establishment of these species can occur with summer sowing when moisture 
is limiting. 
Yields of all species during the seeding year were generally quite 
low except when established by weeding. Early weed and oat growth 
reduced low moisture supplies to even lower levels where they were in 
competition with forages. As a result poor aftermath production occurred 
in nonweeded plots. 
Although forages established by selectively controlling weeds generally 
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yielded more in both the seeding and following years, it is doubtful that 
enough additional forage was produced to compensate for the economic value 
of the companion crop. High yields of the two experiments during the 
seeding year were 2325, 3120, 2952, 4l89, 4230, and 3022 kg/ha of birdsfoot 
trefoil, alfalfa, crownvetch, smooth bromegrass, reed canarygrass, and 
orchardgrass, respectively (kg/ha = 1.12 lb/acre). As indicated by Kust 
(1968), the practice of using an oat companion crop to deter early weed 
growth and then harvesting both the companion and undersown species for 
forage at an early stage will normally result in greatest total dry matter 
production. in addition, competition from the companion will be reduced. 
It is estimated that with dry conditions present during the seeding years 
of both experiments, in excess of 6OOO kg/ha of dry matter could have been 
obtained in two harvests. Much higher first-year yields would be expected 
with normal rainfall. In Connecticut, Peters (1961) obtained yields in 
excess of 9000 kg/ha with oats and alfalfa when moisture was adequate. 
Lower yields resulted with oats and birdsfoot trefoil, as would be expected. 
Combined yields of 6OOO kg/ha represent an increase of between 2000 and 
3000 kg/ha over yields of forages established by selectively controlling 
weeds. Increased production of this amount would generally have offset 
lower second-yaar production of forages subjected to interspecies compe­
tition. Had the oats been removed earlier, interspecies competition would 
have been less severe and yields during the following year of forages 
established with oats would have been more nearly equal. It is assumed 
that by the third year yields would be similar regardless of establishment 
method. 
The advantage of the method just described would not be great for 
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birdsfoot trefoil and crownvetch. With normal rainfall during the seeding 
year, the advantage should be greater. However, in drier years establish­
ing these two species without a companion but with weed control would 
likely result in greatest dry matter production during the first 2 
years. 
Plant Densities of Legume Species 
Crownvetch is characterized by hard seeds so that high seeding rates 
are normally used to insure against poor stands. Because of lack of 
adequate moisture subsequent to the summer planting in Exp. I, few crown­
vetch seeds germinated prior to winter. Excellent germination resulted 
the following spring such that a stand approximately triple that of the 
weeded treatment was evident. Vernalization during the winter months 
must have been responsible for the improved germination. 
In Exp. II moisture was again limiting and very little crownvetch 
germination occurred prior to winter from the summer sowing. In contrast 
to Exp. I, however, very little germination occurred the next spring. The 
resulting stand was only 19% of the weeded treatment. Bieber and Hoveland 
(1968) found that phytotoxic substances from weeds and companion species 
reduced germination of crownvetch more than other species tested. Possibly 
phytotoxic substances from heavy weed growth earlier in the growing season 
inhibited germination in the second experiment. 
During the year following seeding some germination of birdsfoot 
trefoil and crownvetch seed was evident, especially in the summer-sown 
treatment. In addition, horizontal root stocks of crownvetch were observed 
which can give rise to new plants. However, no significant change in 
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plant density of any legume species was demonstrated in either experiment. 
The variability was high and probably the cause for lack of significance. 
Trends of increasing plant density were apparent for summer-sown crownvetch 
and birdsfoot trefoil. 
Alfalfa densities were affected less by interspecies competition than 
those of crownvetch and birdsfoot trefoil. The latter two species responded 
2 
similarly. Alfalfa stands were generally in excess of 100 plants/m 
2 
(9 plants/ft ) even with severe interspecies competition during establish­
ment. These densities are considered to be adequate for good production. 
Densities of birdsfoot trefoil and crownvetch were reduced by well over 
2 
50% with severe interspecies competition. Stands as low as 40 plants/m 
2 (4 plants/ft ) often resulted. These low densities are not considered 
adequate for good production. Schol1 and Staniforth (1957) and Scholl 
and Brunk (1962) could not find statistical differences in densities of 
birdsfoot trefoil with similar treatments, although, the trends in their 
experiments were similar to the current investigation. 
Summer-sown crownvetch in Exp. II and summer-sown birdsfoot trefoil 
in both experiments did not result in adequate stands. 
Tiller Densities of Grass Species 
Tiller densities of the grass species taken in late summer of the 
seeding year showed lowest values for plots subjected to greatest inter­
species competition for solar energy from weeds and oats. These results 
are in agreement with work of Hertz (1962) with smooth bromegrass. It has 
been well established that reduced radiation is associated with decreased 
tiller production in smooth bromegrass and orchardgrass (Watkins, 1940; 
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Prîtchett and Nelson, 1951; and Auda et al., 1966). 
Average tiller densities of the weeded treatment for the three 
species during the seeding year were over twice as high in Exp. iI as in 
Exp. 1 (Table 32 and 33). Rainfall was similar during the two growing 
seasons. However, Exp. II had higher fertility levels and cooler temper­
atures. In a greenhouse study, Prichett and Nelson (1951) reported 
increased tillering of smooth bromegrass with nitrogen application when 
plants were grown at incident solar radiation. Conversely, Hertz (1962) 
found no significant increase in tiller production with higher fertility 
when smooth bromegrass was grown in rows 46 cm (18 inches) apart. 
At the time tiller densities were determinated during the seeding 
year, greater differences existed in Exp. II than Exp. I. However, much 
more of a tendency for equal densities among treatments was apparent by 
later harvests in Exp. II. This tendency is surprising considering the 
extreme interspecies competition in Exp. II. It is apparent that adequate 
fertility and moisture levels can augment recovery of these species from 
the adverse effects of interspecies competition. 
By the second harvest of the first production year, summer plantings 
developed densities nearly equal to the spring plantings in both experi­
ments. 
Root and Root-RhizOme Weights 
Interspecies competition had a greater effect on root and root-
rhizome weights of legume and grass swards than on forage yields, espe­
cially in Exp. II. Shading is known to have a more pronounced effect on 
root than shoot development (Pritchett and Nelson, 1951; Bula et al., 1959; 
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McKee, 1962; and Cooper, 1967). The current investigation has demonstrated 
that the effect can persist through the year following seeding. Because 
only the surface-few centimeters of the root system were sampled, the possi­
bility exists that the data do not represent the relative effects of inter­
species competition on the entire root system of the sward. Development of 
the root system during and subsequent to interspecies competition may not 
follow the pattern of plants not subjected to competition. If this were 
true, then altered morphology of the root system would affect results 
(e.g. a greater portion of the root system at a deeper depth). 
Grass species develop a fibrous root system with a majority of the 
weight confined to the surface-few centimeters (Sprague, 1933; and Gist 
and Smith, 1948). The root-rhizome weights of the uppermost-10 cm would 
be expected to contain most of the weight of the entire root system. 
Increases in weight of the sampled roots could occur either from growth 
of existing roots or from development of new roots. New roots would 
likely follow the same pattern of development regardless of establishment 
treatment. For these reasons the samples are assumed to represent rela­
tive effects of interspecies competition on the weight of the entire root 
system. 
In contrast to the grass root systems, legume species develop a tap 
root system with a higher proportion of the weight at lower depths. The 
15-cm sample of the tap root may represent only a small portion of the 
total weight of the root system. Increase in weight of the sampled 
portion could occur mostly through diameter increase of individual roots 
due to secondary growth. This type of growth may be affected by inter­
species competition in a manner differently from primary growth. Plants 
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subjected to interspecies competition may, by later dates, develop a 
comparable root system, at deeper depths, to plants not receiving such 
competition even though the diameter of the tap root near the soil sur­
face was much smaller. However, such does not appear to have been the 
case in this investigation. As can be seen from Table 40, the root weight 
per plant was generally indirectly related to plant density by later 
sampling dates. Thus, plants receiving most severe interspecies compe­
tition develop tap roots with larger diameters. The root weights, there­
fore, are considered to represent the relative effects of interspecies 
competition on the weight of the entire root system. 
The greater effect of interspecies competition on root development 
offers an explanation for more pronounced treatment effects on forage 
yields the year following seeding in Exp. I, even though more severe 
competition was present in the seeding year of Exp. II. During the year 
following seeding, fertility and moisture were low in Exp. I and adequate 
in Exp. II. Thus, the smaller rooting system was at a greater disadvan­
tage to supply the required water and nutrients in Exp. I. As will be 
discussed later, supporting evidence can be seen from a consideration of 
carbohydrate levels. 
Root weights represent a balance between the processes of growth and 
deterioration. With young, developing plants in the seeding year, deteri­
oration of roots should be minimal so that the weights represent mostly 
active roots. In the following year, deterioration may have been a more 
important factor, especially with the grass species. 
During the year following seeding, many of the legume plots with 
heavier root weights showed a decrease in weight between June and July 
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which probably reflects reduced carbohydrate levels. In plots with 
lighter root weights, the weight lost because of lower carbohydrate 
levels was likely compensated for by increase in weight due to growth of 
the root system. By late summer large increases in root weights occurred 
in Exp. I which are attributed to both growth of the root system and carbo 
hydrate accumulation. Baker and Garwood (1959) found similar increases in 
root weights with alfalfa. 
Root-rhizome weights of the grass species were greater in Exp. II 
where moisture and nutrients were in greater supply. In Exp. I little 
change in weight normally occurred between June and July. However, in 
Exp. I I treatments with heavier root weights lost weight during this 
period. Treatments with lighter root weights responded similarly to 
Exp. I. Stuckey (1941) reported a deterioration of roots commencing in 
June when grass species were established the previous year. Losses 
observed in this investigation are thought to have resulted from both 
deterioration and lower carbohydrate levels. Growth processes were 
likely great enough to counter the effects of root deterioration and 
lower carbohydrate levels in plots not showing losses. Garwood (1967) 
noted considerable root growth of grass species during the summer months 
in Britain. 
Carbohydrate Levels 
Much lower carbohydrate levels were observed during the harvests in 
June and July than in September. Higher levels in September likely 
represent an activity accumulation in response to an environmental stimul 
In June and July the levels must have been reduced by higher respiratory 
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and growth demands. 
Lower levels of carbohydrates in Exp. II than Exp. I, undoubtedly, 
were associated with higher production as a result of greater fertility 
and moisture availability, plus higher summer temperatures in Exp. II. 
These environmental factors have been shown to result in reduced carbo­
hydrate levels (Alberda, 1965; Auda et al., 1966; Blaser et al., 1966; 
and Deinum, I966). Relatively higher carbohydrate levels of nonweeded 
treatments the following year are postulated to have resulted from a pro­
portionately greater reduction in root than shoot activities. The current 
investigation has demonstrated proportionately greater reduction of root 
weights from interspecies competition. Brouwer (1962) has suggested a 
dependency of the shoot upon roots for furnishing necessary water and 
essential minerals for the use of photosynthate in growth processes. If 
the activity of the root system is limited relative to the activity of 
the shoot, an increase in free carbohydrates would be expected. Such an 
increase would likely influence an increase in the carbohydrate reserve 
1 eve 1. 
The root system activity of swards subjected to interspecies compe­
tition during establishment was probably limited because of the reduced 
physical size of the root system. In Exp. I during the year following 
seeding, moisture and nutrients were limiting. The smaller size of the 
root system of nonweeded swards apparently reduced their absorbing capacity 
resulting in higher carbohydrate levels than in the weeded treatment. 
In Exp. II the reduction in physical size of the root system did 
not limit absorbing capacity to the same extent because of the greater 
supply of nutrients and water. As a result carbohydrate levels were 
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nearly equal for all treatments even though large differences existed 
root weights. 
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SUMMARY AND CONCLUSIONS 
Two similar experiments were conducted at the Agronomy-Agricultural 
Engineering Research Center, Boone County, Iowa. The objectives were to 
determine the effects of establishment method on subsequent yields, 
densities, root weights, and carbohydrate levels of six perennial forages. 
The five methods of establishment were a check, two oat companion crops 
with contrasting canopies, hand weeding until mid-July, and planting in 
mid-August after a crop of oats was removed. Exp. 1 was seeded in I966 
and conducted until September I967 while Exp. II was established in 19&7 
and terminated at the end of the I968 growing season. Except for forages 
planted after a crop of oats had been removed, the forages were harvested 
twice the seeding year. All forage treatments were harvested thrice the 
year following seeding. 
July and August of 1966 and I967 were characterized by below-normal 
rainfall. Precipitation during the growing season of I968 was near-normal 
with no extended periods of dry weather. 
The seeding years were contrasted by light weed competition and low 
fertility in Exp. I and heavy weed competition and adequate fertility in 
Exp. 11. In addition, the fertility and moisture levels were higher 
during the year following seeding in Exp. 11 than Exp. I. 
Percent of incident solar radiation was significantly (P <.05) higher 
under the oat companion with the less-dense canopy when weed competition 
was light. Conversely, with severe weed competition significantly (P<.01) 
less radiation occurred under the same oat companion because of greater 
weed ingress ion. Radiation values of less than 1.0% were found under the 
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oat companions and lower values resulted under the severe weed growth. 
It is apparent that when weed competition is light, a companion with 
a less-dense canopy will allow greater penetration of solar energy to 
undersown forages. Conversely, when weed competition is heavy, a companion 
with such a canopy can allow enough additional weed growth to result in 
lower radiation levels to undersown forages. An extent ion of this obser­
vation suggests that when moisture and nutrients are adequate, higher 
seeding rates of the companion crop will be more effective in deterring 
early weed growth and allowing greater solar energy to undersown forages 
at later dates. 
Yields of forages established with the two oat companions did not 
differ significantly during the year following seeding in either experi­
ment. With light weed competition, forage yields were lower from plots 
established with the companions than from check plots where natural weed 
growth occurred. With severe weed competition, higher yields occurred 
from plots established with oat companions. Generally, yields within each 
experiment the year following seeding were inversely related to the inten­
sity of interspecies competition during establishment. With adequate 
moisture and fertility, the forages were able to rapidly recover from 
severe interspecies competition. 
Alfalfa plant densities were affected less by interspecies compe­
tition than densities of crownvetch and birdsfoot trefoil. Alfalfa 
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densities were generally in excess of 100 plants/m (9 plants/ft ) even 
when interspecies competition was severe. Densities of crownvetch and 
birdsfoot trefoil were reduced to well over 50% of hand-weeded plots when, 
subjected to severe interspecies competition. Stands as low as 40 
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plants/m (4 plants/ft ) often resulted. Such densities are not con­
sidered adequate for good production. 
Summer sowing resulted in good alfalfa and poor birdsfoot trefoil 
densities. Crownvetch densities from the summer sowing were extremely 
high in Exp. I but very low in Exp. 11. Because of dry weather signifi­
cant germination did not occur prior to winter in either experiment. 
Excellent germination resulted the following spring in Exp. i but not in 
Exp. II. The explanation for the difference in response is not apparent 
but inhibition of germination by phytotoxic substances from the heavy 
weed growth in Exp. II is suggested. 
Interspecies competition during the seeding year was inversely 
related to tiller densities of the three grass species. With higher 
fertility and moisture levels (Exp. II), a greater tendency existed for 
plots with lower densities to gain relative to plots with higher densi­
ties by later harvests. The summer-sown treatment had densities nearly 
equal to spring-sown treatments by the second harvest the year following 
seeding in both experiments. 
During dry weather, summer sowing of alfalfa, smooth bromegrass, 
reed canarygrass, and orchardgrass resulted In greater forage production 
the first production year than occurred during the seeding year when the 
forages were established by hand weeding. Results with crownvetch were 
Inconsistent and birdsfoot trefoil had lower yields from summer sowing. 
Summer sowing after harvesting a fast-developing crop, appears to be an 
acceptable method for establishing alfalfa, smooth bromegrass, reéd 
canarygrass, and orchardgrass. 
Although forages established by weeding generally yielded mors In 
130 
both of the first 2 years, the increased production normally would not 
have compensated for the companion crop. it is likely that harvesting 
both the companion crop and undersown species for forage at an early 
stage will result in greatest total dry matter production. In dry years 
there may be an advantage to establishing birdsfoot trefoil and crovnvetch 
with selective herbicides. 
Interspecies competition had a greater effect on the uppermost 15-cm 
root weights of legume swards and the uppermost 10-cm root-rhizome weights 
of grass swards than on forage yields. This effect persisted throughout 
the year following seeding. The weights are assumed to represent the 
relative effect of interspecies competition on development of the entire 
root system. 
Supporting evidence is seen in the effect of interspecies compe­
tition on subsequent carbohydrate levels. In the year following seeding, 
when fertility and moisture were low (Exp. I), lowest carbohydrate levels 
occurred in swards established by weeding and, thus, had the largest root 
systems. There must exist a dependency upon roots to supply essential 
minerals and water in order for carbohydrates to be utilized in growth 
processes. When nutrients and moisture were limiting, it is likely that 
swards with smaller root systems could not absorb these essential growth 
factors as well as swards with larger root systems. As a result forage 
yields were limited and carbohydrates accumulated to higher levels in 
smaller root systems (Exp. I) resulting in more apparent treatment effects 
on forage yields. When moisture and nutrients were adequate, little 
difference existed in carbohydrate levels and forage yields among treat­
ments even though large differences existed among root weights (Exp. II). 
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Apparently, with these conditions, small physical size did not greatly 
limit absorbing capacity of the root system. 
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